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Reports 


A History and Preliminary Inventory Report on the Kentucky 


Radioactive Waste Disposal Site’ 


David T. Clark* 


The Kentucky radioactive waste disposal site, operated by the Nuclear 
Engineering Company, Incorporated, has been in operation since March 
1963. As of January 1, 1972, approximately 0.71 million cubic meters 
of waste, containing 1,153,333 curies of byproduct material, 208,903 
grams of special nuclear material, and 39,493 kilograms of source ma- 
terial, have been disposed of at this facility. Due to the relatively lon 


period of o 
involved, a 


ration and the large quantities of radioactive materia 
etailed inventory of two of the largest pits at the site was 


made, based on available disposal records. This report contains a brief 
history of this facility and a summary of the inventory results. 


In March of 1962, the State of Kentucky, 
through enabling legislation passed by the 1960 
General Assembly, entered into agreement with 
the United States Atomic Energy Commission 
(AEC) to assume regulatory powers relating 
to the licensing of radioactive materials. In 
this agreement, authority was vested in the 
State to license the disposal of radioactive 
waste. The AEC retained authority to license 
the burial of high level waste resulting from 
the reprocessing of spent nuclear fuel. 

With the primary intention of encouraging 
nuclear industry in Kentucky, the Kentucky 
Atomic Energy Authority pursued the concept 
of a radioactive waste disposal site in the State. 
Nuclear Engineering Company, Inc. (NECO), 
whose home office is in Walnut Creek, Calif., 
submitted an application to the Kentucky De- 
partment of Health for a license to bury radio- 
active waste at a proposed site in Fleming 
County, Ky. The Department of Health made 
an extensive and detailed review of the sub- 
mitted application. Included in this detailed 
review was a comprehensive evaluation of the 
proposed site by the U.S. Geological Survey 


*This project was made possible through a United 
States 


nvironmental Protection Agency—Kentucky 
State Health Department contract. 
* Radiological Health Program, Kentucky State De- 
— of Health, 275 East Main Street, Frankfort, 
y: 5 
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and the Kentucky State Geological Survey. Also 
assisting in this evaluation were the Oak 
Ridge National Laboratories, the U.S. Atomic 
Energy Commission, the U.S. Public Health 
Service (PHS), an independent geologist hired 
by the Nuclear Engineering Company, Inc., and 
a geological testing firm. The studies conducted 
by this evaluation team included geological, 
hydrological, and meteorological aspects. In 
addition, radiological studies were made of the 
natural radioactivity existing in the area in 
order to establish a baseline. It was concluded 
by this group that the site in Fleming County, 
known as Maxey Flats, located approximately 
16 kilometers northwest of Morehead, was 
suitable for the disposal of solid radioactive 
waste. 

As a result of this site approval based on the 
referenced evaluation, a license was issued for 
the disposal of solid byproduct, source, and 
special nuclear materials at the proposed site 
provided that the title of this site was conveyed 
to the Commonwealth in accordance with KRS 
162.693 and Title 10 of the Code of Federal 
Regulations, Part 20.302. 

In January 1963, a contract was negotiated 
between the Kentucky Atomic Energy Author- 
ity and the Nuclear Engineering Company, 
Inc., to operate a commercial radioactive waste 
disposal facility at the Maxey Flats site. This 
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site encompasses approximately 1.3 x 10*m’. 
The land originally was acquired by the Nuclear 
Engineering Company and the title to the land 
transferred to the State of Kentucky. The 
Kentucky Atomic Energy Authority, in turn, 
leased the tract of land to the Nuclear Engineer- 
ing Company for a period of 25 years with the 
option to renew the lease for another 25-year 
period thereafter. 

For the perpetual care of this site, the lease 
agreement contained a clause stating that the 
Nuclear Engineering Company would pay to 
the State of Kentucky a negotiated price per 
cubic foot of waste not to exceed 4 percent of 
the average burial charge per cubic foot 
charged by the licensee. 

Under the conditions of the original license 
issued October 22, 1962, the licensee was re- 
stricted to the following possession limits for 
unburied radioactive material: (1) 400 curies 
of byproduct material; (2) 350 grams of special 
nuclear material; and (3) 907 kilograms of 
source material. 

Through amendments to the original licenses 
over the years, the present license imposes the 
following limits. 


License condition 8 


The licensee shall not receive and possess at 
any one time unburied radioactive material in 
excess of: 


(a) 5,000 curies of radioactive material ex- 
cluding source and special nuclear mate- 
rials; 

(b) 4,500 kilograms of source materials; 

(c) 850 grams of uranium-235, 200 grams 
of uranium-233, 200 grams of plutonium ; 
or any combination of them in accord- 
ance with the following formula: for 
each kind of special nuclear material, 
determine the ratio between the quantity 
of that special nuclear material and the 
quantity specified above for the same 
kind of special nuclear material. The 
sum of such ratios for all kinds of spe- 
cial nuclear material in combination 
shall not exceed unity; and 
the licensee shall not receive or possess 
at any one time a quantity of radioactive 
material in excess of that specified in 


Paragraph 8.a., unless the agency has 
first evaluated the proposed packaging, 
handling and burial procedures, deter- 
mined that the proposed operations can 
be accomplished without undue risk to 
the health and safety of occupationally 
exposed individuals and the public, and 
issued an authorization letter. 


The provisions of condition 8.d. have been used 
numerous times by the company (appendix 1). 

Even though the above restrictions are im- 
posed on the amount of material that can be 
received per shipment and/or stored at Maxey 
Flats, the types of radioactive material as well 
as the total quantity that may be buried are es- 
sentially unlimited. Most of the solid wastes are 
buried in rectangular trenches approximately 
110 meters long, 21 meters wide, and 6 meters 
deep. Initially, these trenches were described as 
being approximately 76 meters long, 6 meters 
wide and 6 meters deep. Through December 
1971, there have been 23 of these trenches con- 
structed and filled (appendix 2). The floor of the 
trench is to have a slope of approximately 1 de- 
gree to a sump and stand pipe positioned at the 
lowest level. Gravel drains were initially re- 
quired but discontinued when it was considered 
that random dumping provided adequate voids 
for migration of infiltrants to the sumps. Most 
wastes are randomly dumped in the pit begin- 
ning at the high end and backfilling as required 
to reduce radiation levels. The radiation level 
at the surface of the earth above the completed 
pits is not allowed to exceed 2 mR/h. Levels 
around the open pits are not allowed to exceed 
100 mR/h. 

Each completed trench is required to be back- 
filled with a minimum of 1 meter of earth ma- 
terials mounded and compacted to form and 
maintain an “umbrella” to seal out ground 
water to the greatest extent possible and to 
divert rain water away from the trench. Fol- 
lowing settling, a shallow rooted crop is to be 
planted to prevent erosion. 

Finally, a monument is placed at the end of 
each pit and inscribed with the number of the 
pit and date of closure. This is to provide a 
reference to the records (appendix 3), which 
contain the following additional required infor- 
mation: 
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(a) location and definition of trench bound- 
ary; 

(b) total activities of radioactive material in 
curies excluding source and special nu- 
clear materials, total amount of source 
material in kilograms, and total amount 
of special nuclear material in grams in 
the trench; 

(c) radionuclides with greatest hazard po- 
tential ; 

(d) date of completion of the burial opera- 
tion; and 

(e) volume of waste in trench. 


During most of the use of this facility, the 
bulk of the liquids have been solidified using 
cement and newspaper. The concrete and paper 
mixture was buried in trenches lined with 
polyethylene. When the trench was filled, the 
polyethylene was lapped over the top and 
capped as previously described. The solidified 
liquids have been buried in separate pits of 
which 11 have been constructed and filled as of 
the end of 1971. As of January 1, 1972, NECO 
had solidified and disposed of 2,243,230 liters 
of liquid radioactive waste. As can be seen 


from the table in appendix 4, there had been no 
significant increase in amounts of liquids dis- 
posed until 1971, when 1,286,660 liters were 
disposed of at this site. This dramatic increase 
in disposal rates is attributable almost solely 
to the nuclear power reactor industry and is 
due to the present philosophy of “Zero Release.” 


Generally, high specific gamma activity 
sources are not buried in the large trenches 
since they would create an exposure prob'em 
for personnel during dumping and filling op- 
erations. These wastes, if sufficiently small in 
size, are deposited in special hot wells con- 
structed about 4.6 meters deep with pipes of 
coated steel, concrete, or tile placed vertically 
in the ground and closed at the lower end and 
capped at the upper end. When the number of 
sources or the radiation level renders it in- 
appropriate to place additional materials in the 
pipe, the pipe is filled with concrete. There are 
eight such wells on site and seven have been 
sealed. 


Other high intensity sources of larger vol- 
ume, such as resins from reactor facilities, are 
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placed in individual pits approximately 9 
meters long by 3 meters wide by 3 meters deep. 
A sump pipe is placed in each of the pits for 
monitoring and water removal. 

The first radioactive material was buried at 
this site in May 1963. Early preliminary esti- 
mates were based on an assumed burial rate of 
waste at this site of approximately 750 curies 
per year. It soon became evident that this was 
a gross underestimation, for in 1963, 2,206.0 
cubic meters of waste containing 22,556 curies 
of byproduct material were disposed of at this 
site. As of January 1, 1972, approximately 0.71 
million cubic meters containing 1,153,333 curies 
of byproduct material, 208,903 grams of special 
nuclear material and 39,493 kilograms of source 
material have been disposed of at this site. The 
annual and cumulative rates are shown 
graphically in appendix 5. The cumulative vol- 
ume of material buried has increased almost 
exponentially, with the amount of special nu- 
clear material buried doubling approximately 
every 1.3 years. 


There is no specific exclusion of hazardous 
toxic materials at this time, provided that they 
are in association with potentially hazard- 
ous radioactive materia!s. However, on October 
16, 1970, the Nuclear Engineering Company, 
Inc., was notified that a request by them, dated 
September 16, 1970, for a solid waste disposal 
permit for the disposal of nonradioactive, 
hazardous, toxic or dangerous wastes at their 
site at Maxey Flats would not be issued. The 
Solid Waste Program and the Division of En- 
vironmental Health, in a joint meeting, had 
determined that the granting of such a permit 
would not be in the best public interest. 

At this time, no provision has been made to 
document chemical form or type of material; 
however, the following interim policy was 
adopted on June 2, 1972 by the Kentucky 
Radiological Health Program regarding the 
burial of radioactive material in combination 
with chemically toxic waste: 


“When waste contains both radioactive ma- 
terials and toxic chemicals, the potential 
hazard of both will be evaluated independ- 
ently. The waste containing both radioac- 
tive material and chemical toxic waste will 
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not be accepted for burial at the Kentucky 
radioactive waste disposal site, if the 
chemical hazard exceeds the radiological 
hazard. The determination of the hazard 
will be performed by the Radiological 
Health staff after consultation with toxic 
chemical experts. As a guide in making 
this evaluation, any toxic chemical falling 
in Category 3 listed in the manual “Dan- 
gerous Properties of Industrial Materials,” 
1968, by Irving Sax, shall be considered 
more hazardous than its associated radio- 
active material, until it is determined by 
the staff that this is not the case.” 


This policy was adopted as an interim policy 
only. It is strongly recommended that this prob- 
lem be better defined by experts in the field of 
radiation safety, solid waste management, toxic 
chemical experts, and other appropriate persons 
knowledgeable of the problems involved. It is 
further recommended that a national position 
be established for all radioactive waste disposal 
sites throughout the United States. 

The disposal records maintained by NECO 
include the following information: 


(1) the date of receipt; 

(2) the physical state (solid, liquid, or gas) ; 
(3) the principal radioisotope ; 

(4) the activity; and 

(5) the customer. 


The company is also able to identify the pit and 
approximate location where each shipment is 
buried. 


Due to the relatively long period of operation 
and large quantities of radioactive materials 
disposed of at this site, the Kentucky Radiologi- 
cal Health staff initiated a study to determine 
the current inventory of specific radioactive 
materials at the Kentucky NECO waste dis- 
posal site. Prior to June 1970, all radioactive 
shipment records (RSR) had been filed accord- 
ing to customer’s name with a separate file 
maintained to indicate pit placement. After this 
date, all RSR’s have had the pit into which the 
shipment was placed noted on them and filed 
by pit number. With this information it was 
decided to first compile an inventory of the two 
pits completed since this policy went into effect. 


576 


The first pit inventory to be completed was 
for pit no. 30. This pit was opened in June 1970 
and closed February 1971. According to the 
monthly burial reports submitted by the 
licensee to the Agency, pit no. 30 contained 
23,940 curies of byproduct material, 48,713 
grams of special nuclear material, and 6,471.9 
kilograms of source material. The total com- 
bined volume of all radioactive waste buried in 
pit no. 30 was 8,984.41 cubic meters. 

For the purpose of analyzing the byproduct 
material components within the pits, the staff 
arbitrarily chose five specific nuclides for iden- 
tification. These nuclides included cesium-137, 
strontium-90, cobalt-60, tritium, and radium- 
226. They were chosen because of their signifi- 
cant biological effect and relatively long half- 
lives. The total activity for each chosen nuclide 
and the percent of the total buried activity in 
pit no. 30 is shown in table 1. 


Table 1. Radioactivity of selected nuclides buried 


in pit no. 30, Maxey Flats 





Percent of 
total by- 
product 
activity 


Radionuclide Activity* 





1.4 
4.1 











‘ * Initial activities—activities as recorded on the original shipment 
orms. 


In addition to the identification by the five 
referenced specific nuclides, a second broad 
category was identified. This category is defined 
as mixed fission products (MFP). This category 
includes items identified on the shipping records 
specifically as mixed fission products, and addi- 
tionally, includes items shown on the shipping 
records for which only one activity is shown 
for a multiradionuclide combination. An exam- 
ple of the latter case is: iodine-131, tritium, and 
zinc-65 - 10 mCi. 

Probably the most significant finding of this 
study is the amount of MFP buried at this 
site. The records indicate that 10,329.91 curies 
of MFP were buried in pit no. 30. This repre- 
sents 43.2 percent of the total byproduct 
material in the pit. 

The remaining 19.4 percent of 4,644 curies 
of byproduct material in pit no. 30 is made up 
of very short half-life material received from 
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academic and medical institutions (technetium- 
99m, iodine-131, etc.). 

In addition to an analysis of the byproduct 
material, a determination was made of the 
plutonium-239 buried as special nuclear ma- 
terial. Of the total 48,713 grams of special 
nuclear material in pit no. 30, 2,155.48 grams 
were identified as plutonium-239. 

The effective half-life for the byproduct ma- 
terial contained in pit no. 30 was calculated. 
This calculation was based on the half-lives of 
the five identified radionuclides and an esti- 
mated half-life of 1.6 years for mixed fission 
products. For a discussion of the calculation of 
the effective byproduct half-life for pit no. 30, 
see appendix 6. 

The special nuclear material and source ma- 
terial buried in this pit were not included in 
the calculation. It is obvious that the effective 
half-life, if special nuclear material and source 
material were included, would be in the thou- 
sands of years. From a public health considera- 
tion, one would consider plutonium-239 as being 
the most hazardous material in this category, 
and therefore a half-life for special nuclear 
material and source material could be assigned 
as 24,390 years. 

The second pit inventory that was completed 
was pit no. 32, which was opened in September 
1971 and closed in May 1972. According to the 
monthly burial records submitted by the licensee 
to the agency, pit no. 32 contained 28,310 curies 
of byproduct material, 54,327 grams of special 
nuclear material, and 9,436.5 kilograms of 
source material. The total combined volume of 
all radioactive waste buried in pit no. 32 was 
8,436.65 cubic meters. 


The specific byproduct material identification 
in pit no. 32 is shown in table 2. 

In addition to the above five nuclides, the 
amount of byproduct material identified as 
MFP in pit no. 32 was 13,618 curies represent- 
ing 48 percent of the total byproduct material 
in the pit. 

The remaining 25.5 percent or 7,219 curies 
of byproduct material is made up of short half- 
life nuclides. 


For pit no. 32, of the total 54,827 grams of 
special nuclear material, 12,966 grams of 
plutonium-239 were identified. 
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Table 2. Specific byproduct material identification in 
pit no. 32, Maxey Flats 





Percent of 


Radionuclide Activity 


(curies) 





299.18 
562.0 
4,673.0 
2,063.0 
8.0 











The byproduct half-life for pit no. 32 was also 
calculated (appendix 7). 


During the course of this inventory study, 
we have accumulated additional information on 
seven other pits. As can be seen by the tabula- 
tion in appendixes 8 and 9, this information is 
not complete and will require much additional 
time to complete. 


The tabulation in appendix 9 is only a partial 
listing of company inventories. A complete list- 
ing will be completed in the future. The follow- 
ing paragraphs contain a summary of some 


of the information resulting from the study so 
far. 


Company I is a major contributor to the large 
quantities of special nuclear material disposed 
of at this site. Our study of the records show 
that this company through December 14, 1971 
disposed of 90,299 grams of special nuclear 
material, and 3,086 grams of plutonium-239. 

Company J, as of September 28, 1971, had 
shipped for disposal to the Nuclear Engineering 
Company, 140,282 curies of radioactive by- 
product material. Of this quantity, 122,418 
curies was not identifiable as to specific isotopes. 
The record showed that most of their waste was 
listed as mixed fission products (appendix 11). 

Many irregularities were encountered in the 
course of this study. We have found that the 
Nuclear Engineering Company has accepted 
shipments where the RSR’s included activity or 
isotopic designations that the company did not 
understand. (Examples: Plutonium-238 in UCC, 
D-38 Tuballoy oxide, etc.). There were several 
RSR’s encountered in this study which would 
indicate that the Nuclear Engineering Com- 
pany, Inc., had received and disposed of non- 
radioactive chemical waste at the Kentucky 
waste disposal site. 
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Recommendations 


This pilot inventory has shown the need for 
an improved record-keeping system for the 
accountability of radioactive waste. The infor- 
mation obtained during this study has shown a 
definite need to continue a complete inventory 
of the Kentucky radioactive waste disposal site. 
Therefore, the first recommendation is that 
efforts be made to continue the inventory study 
of the Kentucky site. 

As a result of this pilot study, the following 
specific recommendations are made to improve 
the records system for the accountability of 
radioactive waste. 

(1) All burial records should be on a form 
which can be handled by automatic data 
processing equipment. 

(2) All commercial waste disposal facilities 
should adopt a uniform format for dis- 
posal of waste. 

The format for collecting the data should 

include the following: 

(a) The specific radionuclide. 

(b) The activity in curies for byproduct 
material and naturally occurring or 
artificially produced materials. 

(c) The weight of special nuclear mate- 
rial in grams and specifically, the 
plutonium-239 in grams. 

(d) The weight of source material in 
kilograms. 


(e) The chemical composition of each 
shipment. The identification of the 
chemical composition normally 
specifies the elemental composition. 
This should be done when possible; 
however, with some shipments, e.g. 
carcasses, it is impossib'e to identify 
the elemental composition, such as 
a carcass. For shipments in which 
the elemental composition cannot be 
identified, the shipper should iden- 
tify the shipment by the name of the 
item being shipped. 


(f) The most chemically toxic material 
associated with the radioactive 
waste and the concentration of this 
toxic material. 


A requirement by the licensing agency 
of the disposal facility that the shipment 
be rejected, if the shipper has not identi- 
fied the waste as described above. 


Regulatory agencies should inspect more 
closely the records of disposal of each 
licensee for compliance with their regu- 
lations on waste disposal record-keeping. 


Much of the data in this report was taken 
from an unpublished report by Joel G. Veater, 
EPA Region IV (Atlanta, Ga.) and David T. 
Clark, Kentucky State Department of Health, 
Frankfort, Ky. 
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Appendix 1. Special authorizations for burials 
exceeding the limits —— Kentucky waste disposal 
cense 





Radio- 
activity 
(curies) 


Date Material buried 





June 26, 1972 
April 27, 1972 


April 19, 1971 
February 25, 1971 
November 15, 1966 


20,618 
17,000 
645,400 
31,867 
20,000 


Mixed fission products 
Irradiated steel tube and 
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Figure 1. Sketch of Maxey Flats radioactive waste disposal facility 
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Appendix 2. Specific pit information 





Pit number* 


Cubic feet 


Byproduct 
(curies) 


Curies per cubic foot 


Special nuclear 
material 
(grams) 











409 
2,254 


82 

11,343 

0 

18,173 

11 

24,490 
0 


0 
107 ,762 


784 
1,971 
249,310 











28 
1 


59 
435 
0 








* s-special pit. 
L-solidified liquid waste pit. 
HW-hot well. 
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NUCLEAR ENGINEERING COMPANY, INC, 


APPENDIX 3 





Kentucky 


FACILITY 





REPORT OF RECEIPT AND BURIAL OF RADIOACTIVE WASTE MATERIALS: 


MONTH August 1972 





Pat 
NO. 


CUBIC 
FEET 





BY PN, S— 


B. V. Roberts, Vice President 


BYPRODUCT 
(curies) 


Be N.M. 
(grams) 


SOURCE 
(pounds 





34_|BURIED THIS MONTH: 


599.70 


69,312.00 


138.00 


0.00 





BURIED TO DATE: 


1,988.60 


97,624.35 


491.00 


0.00 














BURIED THIS MONTH: 


46 ,013.86 


20 847.8) 


3,562.27 


0,00 





BURIED TO DATE: 


181 ,466.52 


39,283.78 


17,960.10 


3,459.70 











BURIED THIS MONTH 





BURIED TO DATE: 








BURIED THIS MONTH: 





BURIED TO DATE; 








BURIED THIS MONTH: 





BURIED TO DATE: 








BURIED THIS MONTH: 





BURIED 











TO DATE: 




















BURIED THIS MONTH: 
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Figure 2. Report of receipt and burial of radioactive waste materials 
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Appendix 4. Disposal of solidified liquid radioactive 
waste material at the —— Engineering Company 
acility 
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Appendix 5. Nuclear Engineering Company burial rates 





Cubic Byproduct Curies per 
(curies) cubic foot 





ulative total 


Cum 
1969 


465,145 72,770 
2,451,759 833 208 ,903 




















® This figure does not include a single shipment of 645,000 curies of tritium. 
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Figure 5. Byproduct material 
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APPENDIX 6 


Appendix 6. Effective half-life for byproduct 
material component of pit number 30 


For purposes of determining the effective 
half-life of the byproduct component in this 
pit, it was necessary to assign a half-life to the 
mixed fission products included in the byprod- 
uct material component. As indicated in this 
report, mixed fission products include a broad 
category of unidentified material. For purposes 
of this calculation, a half-life for mixed fission 
vroducts of 1.6 years was determined from the 


Radiological Health Handbook, September 1960 
edition, pages 98 and 99. 

Using the activity-time relationship of the 
five identified nuclides and the mixed fission 
product component, a decay curve was calcu- 
lated. Although the curve for pit number 30 
was not completed in time for this report, the 
first indications were that the slope of the curve 
followed almost identically the curve determined 
for pit number 32 (appendix 7). 

From this calculated curve, it can be observed 
that the first effective half-life is 2.6 years for 
pit number 32, and apparently, also for pit 
number 30. 
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Appendix 7. Effective half-life for byproduct 
material component of pit number 32 


The calculated effective half-life curve for 
the byproduct component in pit number 32 is 
shown below. The calculated curve for pit 32 
and pit 30 appeared to be identical. 


5 





10 


TOTAL COMPOSITE ACTIVITY (IN CURIES) 





1 1 1 1 
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Figure 6. Curve showin 
of total composition activity buri 


ne ee relationship 


in pit number 32 
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APPENDIX 8 


Appendix 8. Summary of pit inventories 





Radioactivity 
(curies) 


pecifi Special nuclear Plutonium-239 
Pit number a able materia “tou 





Strontium-90 | Radium-226 





47,114.33 1,730.36 ° 6.339 
5,836.92 829.26 10. = 
18; 618.395 53,753.94 12,966.29 562.9 
3.457 
23,805. 866 
362.227 8,168.20 508.41 2.5 -021 


























This group tedades eae son products and listings that had more than one radi ciated with a given activity. 
> L-solidified liquid waste p' 
° Completed inventory. 
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Appendix 9. Summary of completed company inventories 





= = Special nucle Plutonium-239 =~ od 
to! = 

identifiable * material | (grame) 

(curies) (grams) 





Cobalt-60 Strontium-90 | Radium-226 





0.10 95,259 40.2 ° 0.056 


. -02 
1,586.7 -70 -01 
-074 
90,299.28 3,086.08 


-025 
122 ,418.375 246.45 17,618.45 
347. “410 6,679.58 


2,027. 380 


-010 


























* This group includes mixed fission products and listings that had more than one radioisotope associated with a given activity. 
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SECTION I. MILK AND FOOD 


Milk Surveillance, June 1973 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, 
it is the food item that is most useful as an indi- 
cator of the general population’s intake of 
radionuclide contaminants resulting from en- 
vironmental releases. Fresh milk is consumed 
by a large segment of the population and con- 
tains several of the biologically important 
radionuclides that may be released to the en- 
vironment from nuclear activities. In addition, 
milk is produced and consumed on a regular 
basis, is convenient to handle and analyze, and 
samples representative of general population 
consumption can be readily obtained. Therefore, 
milk sampling networks have been found to be 
an effective mechanism for obtaining informa- 
tion on current radionuclide concentrations and 
long-term trends. From such information, pub- 
lic health agencies can determine the need for 
further investigation or corrective public health 
action. 

The Pasteurized Milk Network (PMN) spon- 
sored by the Office of Radiation Programs, En- 
vironmental Protection Agency, and the Office 
of Food Sanitation, Food and Drug Administra- 
tion, Public Health Service, consists of 63 
sampling stations: 61 located in the United 
States, one in Puerto Rico, and one in the Canal 
Zone. Many of the State health departments 
also conduct local milk surveillance programs 
which provide more comprehensive coverage 
within the individual State. Data from 15 of 
these State networks are reported routinely in 
Radiation Data and Reports. Additional net- 
works for the routine surveillance of radioactiv- 
ity in milk in the Western Hemisphere and their 
sponsoring organizations are: 
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Pan American Milk Sampling Program 
(Pan American Health Organization and 
U.S. Environmental Protection Agency)— 
7 sampling stations 


Canadian Milk Network (Radiation 
Protection Division, Canadian Department 
of National Health and Welfare)— 

16 sampling stations 


The sampling locations that make up the net- 
works presently reporting in Radiation Data 
and Reports are shown in figure 1. Based on the 
similar purpose for these sampling activities, 
the present format integrates the complemen- 
tary data that are routinely obtained by these 
several milk networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that 
are formed as a result of nuclear fission become 
incorporated in milk (1). Most of the possible 
radiocontaminants are eliminated by the selec- 
tive metabolism of the cow, which restricts 
gastrointestinal uptake and secretion into the 
milk. The five fission-product radionuclides 
which commonly occur in milk are strontium-89, 
strontium-90, iodine-131, cesium-137, and 
barium-140. A sixth radionuclide, potassium-40, 
occurs naturally in 0.0118 percent (2) abund- 
ance of the element potassium, resulting in a 
specific activity for potassium-40 of 830 pCi/g 
total potassium. 

Two stable elements which are found in milk, 
calcium and potassium, have been used as a 
means for assessing the biological behavior of 
metabolically similar radionuclides (radio- 
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strontium and radiocesium, respectively). The 
contents of both calcium and potassium in milk 
have been measured extensively and are rela- 


tively constant. Appropriate values and their 


variations, expressed in terms of 2 standard 
deviations (2c), for these elements are 1.16 + 
0.08 g/liter for calcium and 1.51 + 0.21 g/liter 
for potassium. These figures are averages of 
data from the PMN for May 1963—March 1966 


(3) and are used for general radiation calcula- 
tions. 


Accuracy of data from various milk networks 


In order to combine data from the interna- 
tional, national, and State networks considered 
in this report, it was first necessary to deter- 
mine the accuracy with which each laboratory 
is making its determinations and the agree- 
ment of the measurements among the labora- 
tories. The Analytical Quality Control Service 
of the Office of Radiation Programs conducts 
periodic studies to assess the accuracy of de- 
terminations of radionuclides in milk per- 
formed by interested radiochemical labora- 
tories. The generalized procedure for making 
such a study has been outlined previously (4). 

The most recent study was conducted during 
June 1972 with 37 laboratories participating in 
an experiment on a milk sample containing 
known concentrations of iodine-131, cesium- 
137, strontium-89, and strontium-90 (5). Of the 
18 laboratories producing data for the networks 
reporting in Radiation Data and Reports, 14 
participated in the study. 

The accuracy results of this study for these 
14 laboratories are shown in table 1. The 
accuracy of the cesium-137 measurements con- 


tinues to be excellent as in previous experi- 
ments. However, both the accuracy and pre- 


cision need to be improved for iodine-131, 


strontium-89, and strontium-90 which could 
probably be accomplished through recalibration. 


Development of a common reporting basis 


Since the various networks collect and ana- 
lyze samples differently, a complete understand- 
ing of several parameters is useful for inter- 
preting the data. Therefore, the various milk 
surveillance networks that report regularly 
were surveyed for information on analytical 
methods, sampling and analysis frequencies, 
and estimated analytical errors associated with 
the data. 

In general, radiostrontium is collected by an 
ion-exchange technique and determined by beta- 
particle counting in low-background detectors, 
and the gamma-ray emitters (potassium-40, 
iodine-131, cesium-137, and barium-140) are 
determined by gamma-ray spectroscopy of 
whole milk. Each laboratory has its own 
modifications and refinements of these basic 
methodologies. 

Many networks collect and analyze samples 
on a monthly basis. Some collect samples more 
frequently but composite the several samples 
for one analysis, while others carry out their 
analyses more often than once a month. Many 
networks are analyzing composite samples on 
a quarterly basis for certain nuclides. The fre- 
quency of collection and analysis varies not only 
among the networks but also at different sta- 
tions within some of the networks. In addition, 
the frequency of collection and analysis is a 
function of current environmental levels. The 


Table 1. Distribution of mean results, quality control experiment 





Number of laboratories in each category 


Experi- 
mental 





Radionuclide and known concentration 


Acceptable * 


2o error 
Warning (pCi /liter) 


Una 
level > able > 


table ¢ 





Iodine-131 (96 or 99 pCi /liter) 
Iodine-131 (438 or 484 pCi /liter) 
Cesium-137 (53 or 54 pCi /liter) 
Cesium-137 (295 or 398 pCi /liter) 
Strontium-89 (29 or 30 pCi /liter) 
Strontium-89 (197 or 201 pCi /liter) 
Strontium-90 (32.1 or 32.4 pCi /liter) 
Strontium-90 (150.5 or 151.2 pCi /liter) 





7 (58%) 


33% 
6 (55%) 


(33%) 
(15%) 
(8%) 


(58%) 
(38%) 
(45%) 














Aranorns. 





* Measured concentration equal to or within 20 of the known concentration. 
> Measured concentration outside 27 and equal to or within 3¢ of the known concentration. 
* Measured concentration outside 3c of the known concentration. 
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number of samples analyzed at a particular 
sampling station under current conditions is 
reflected in the data presentation. Current levels 
for strontium-90 and cesium-137 are relatively 
stable over short periods of time, and sampling 
frequency is not critical. For the short-lived 
radionuclides, particularly iodine-131, the fre- 
quency of analysis is critical and is generally 
increased at the first measurement or recogni- 
tion of a new influx of this radionuclide. 

The data in table 2 show whether raw or 
pasteurized milk was collected. An analysis 
(6) of raw and pasteurized milk samples col- 
lected during January 1964 to June 1966 indi- 
cated that for relatively similar similar milk- 
shed or sampling areas, the differences in 
concentration of radionuclides in raw and 
pasteurized milk are not statistically significant 
(6). Particular attention was paid to strontium- 
90 and cesium-137 in that analysis. 


Practical reporting levels were developed by 
the participating networks, most often based 
on 2-standard-deviation counting errors or 
2-standard-deviation total analytical errors 
from replicate analyses (3). The practical re- 
porting level reflects analytical factors other 
than statistical radioactivity counting varia- 
tions and will be used as a practical basis for 
reporting data. 


The following practical reporting levels have 
been selected for use by all networks whose 
practical reporting levels were given as equal 
to or less than the given value. 


Practical reporting level 





Radionuclide (pCi/liter) 
Strontium-89 5 
Strontium-90 2 
Iodine-131 10 
Cesium-137 10 
Barium-140 10 


Some of the networks gave practical report- 
ing levels greater than those above. In these 
cases, the larger value is used so that only data 
considered by the network as meaningful will 
be presented. The practical reporting leve!s 
apply to the handling of individual sample de- 
terminations. The treatment of measurements 
equal to or below these practical reporting leve's 
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for calculation purposes, particularly in calcu- 
lating monthly averages, is discussed in the 
data presentation. 

Analytical error of precision expressed as 
pCi/liter or percent in a given concentration 
range has also been reported by the networks 
(3). The precision errors reported for each of 
the radionuclides fall in the following ranges: 


Analytical errors of precision 
(2 standard deviations) 


Strontium-89 1-5 pCi/liter for levels <50 pCi/ 
liter ; 

5-10% for levels = 50 pCi/liter ; 

Strontium-90 1-2 pCi/liter for levels <20 pCi/ 
liter ; 

4-10% for levels > 20 pCi/liter ; 


Radionuclide 





Iodine-131 4-10 pCi/liter for levels <100 
Cesium-137 pCi/liter ; 
Barium-140 }4-10% for levels => 100 pCi/liter. 


For iodine-131, cesium-137, and barium-140, 
there is one exception for these precision error 
ranges: 25 pCi/liter at levels <100 pCi/liter 
for Colorado. This is reflected in the practical 
reporting level for the Colorado milk network. 


Federal Radiation Council guidance applicable 
to milk surveillance 


In order to place the U.S. data on radioactiv- 
ity in milk presented in Radiation Data and 
Reports in perspective, .a summary of the guid- 
ance provided by the Federal Radiation Council 
for specific environmental conditions was pre- 
sented in the February 1973 issue of Radiation 
Data and Reports. 


Data reporting format 


Table 2 presents the integrated results of the 
international, national, and State networks dis- 
cussed earlier. Column 1 lists all the stations 
which are routinely reported in Radiation Data 
and Reports. The relationship between the PMN 
stations and the State stations is shown in fig- 
ure 2. The first column in table 2 under each 
of the reported radionuclides gives the monthly 
average for the station and the number of sam- 
p’es analyzed in that month in parentheses. 
When an individual sampling result is equal to 
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Table 2. Concentrations of radionuclides in milk for June 1973 and 12-month period 
July 1972 through June 1973 





Radionuclide concentration 
(pCi iter’ 





Sampling location a 
Strontium-90 Cesium-137 





Monthly 12-month Monthly 12-month 
average * average average * average 
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See footnotes at end of table. 
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Table 2. Concentrations of radionuclides in milk for June 1973 and 12-month period 
July 1972 through June 1973—continued 





Radionuclide concentration 
(pCi /liter) 





Sampling location ba a Strontium-90 Cesium-187 
jum- jum- 





12-month Monthly 12-month 
average average * average 
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See footnotes at end of table. 
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Table 2. Concentrations of radionuclides in milk for June 1973 and 12-month period 
July 1972 through June 1973—continued 





Radionuclide concentration 
(pCi Alter) 





Sampling location ba 
o! 


Strontium-90 Cesium-137 
sample * 





Monthly 12-month 12-month 
average * average average 





Benton County 
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* P, pasteurized milk. 


R, raw milk. 
> When an individual sampling result was equal to or less than the practical reporting level, a value of “‘0” was used for averaging. 
Monthly averages less than the practical reporting level reflect the fact that some but not all of the individual samples making up the 
average contained levels greater than the practical rting level. When more than one analysis was made in a month period, the number 
of samples in the monthly average is given in parentheses. 
¢ Pasteurized Milk Network station. All other omnes. locations are part of the State or National network. 


4 The practical ors level for this network di 
a 


ers from the general ones given in the text. Sampling results for these networks 
were equal to or less t 


n the following practical rting levels: 
Cesium-137: Colorado—25 pCi/liter; Oregon—15 pCi/liter. 
e rg entry aves the average radi lid trations for the Pasteurized Milk Network stations denoted by footnote °. 
, no analysis. 
NS, no sample collected. 





or below the practical reporting level for the reflect the presence of radioactivity in some of 
radionuclide, a value of zero is used for aver- the individual samples greater than the prac- 
aging. Monthly averages are calculated using tical reporting level. 

the above convention. Averages which are equal The second column under each of the radio- 
to or less than the practical reporting levels nuclides reported gives the 12-month average 
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Figure 2. State and PMN sampling stations in the United States 


for the station as calculated from the preceding 
12 monthly averages, giving each monthly av- 
erage equal weight. Since the daily intake of 
radioactivity by exposed population groups, 
averaged over a year, constitutes an appropri- 
ate criterion for the case where the FRC radia- 
tion protection guides apply, the 12-month 
average serves as a basis for comparison. 


Discussion of current data 


In table 2, surveillance results are given for 
strontium-90 and cesium-137 for June 1973 and 
the 12-month period, July 1972 to June 1973. 
Except where noted, the monthly average repre- 
sents a single sample for the sampling station. 


594 


Strontium-89, iodine-131, and barium-140 data 
have been omitted from table 2 since levels at 
all of the stations for June 1973 were below the 
respective practical reporting levels. 

Strontium-90 monthly averages ranged from 
0 to 20 pCi/liter in the United States for June 
1973 and the highest 12-month average was 
18 pCi/liter (Hartsville-03, S.C.) representing 
9.0 percent of the Federal Radiation Council 
radiation protection guide. Cesium-137 monthly 
averages ranged from 0 to 82 pCi/liter in the 
United States for June 1973, and the highest 
12-month average was 45 pCi/liter (Southeast 
Florida) representing 1.3 percent of the value 
derived from the recommendations given in the 
Federal Radiation Council report. 
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Milk Surveillance Network, April-May 1973 


National Environmental Research Center— 
Las Vegas, Environmental Protection Agency 


The Milk Surveillance Network,' operated by 
the National Environmental Research Center— 
Las Vegas (NERC-LV) consists of 24 routine 
and two alternate sampling locations (figure 1) 
situated in the offsite area surrounding the 
Nevada Test Site (NTS). This routine network 
is operated in support of the nuclear testing 


conducted by the U.S. Atomic Energy Commis- 
sion (AEC) at the Nevada Test Site. 

In the event of a release of radioactivity from 
the NTS, special sampling within the affected 


This network is operated under a Memorandum of 


Understanding (No. AT(26-1)-589) with the Nevada 
Operations Office, U.S. AEC, Las Vegas, Nev. 
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Figure 1. NERC-LV Milk Surveillance Network 
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area is conducted to determine radionuclide con- 
centrations. Additional milk sampling networks 
are operated in support of AEC operations in 
areas other than the NTS when requested. A 
complete description of sampling and analytical] 
procedures was included with the milk results 
reported in the July 1973 issue of Radiation 
Data and Reports. 


Results 


The analytical results of all milk samples 
collected in April and May 1973 by NERC-LV 
surveillance programs are listed in tables 1 and 
2. With the exception of cesium-137 at levels 
near the minimum detectable activity (MDA) 
of 10 pCi/liter, no gamma-emitting fission prod- 
ucts were identified by gamma spectrometry in 
any of the samples collected during April and 


Table 1. Milk surveillance results, April 1973 





Sample 
collected type * 
(1973) 


Radionuclide concentrations > 
(pCi liter) 





Cesium-137 | Strontium-89 Strontium-90 





California: 


Bishop: 
Sierra Farms 


i 
ill Nelson Dairy 
Cundins 


Hunter Ran 
Nevada: 


Alamo: 

Williams Dairy 
Austin: 

Young’s Ranch 


urrant: 

Blue Eagle Ranch 

Manzonie Ranch 
Hiko: 

Schofield Dairy 
Indian Sprin -_ 

Indian Springs Ranch 


DS Dai 


Li 
Lida Livestock Company 
a Valley Dairy 
eee Dairy 


Mesq 
Hughes Bros. Dairy 
0a) 


Tenet Lee Ranch 
Round Mountain: 
Berg Ranch 


Utah: 


edar City: 

Ko Gold Dairy 
St. Geo 

R. Cor 1 Dairy 








coon tb @ eH OD © 

















® 11—Pasteurized milk. 
12—Raw milk = a A prodacer(s). 
18—Raw milk from family cow(s) 
> Two-sigma counting error rovided when available. 
e a sample size 0 increased MD. 
, no 
NS, no sample. 
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May. Levels of tritium near the MDA for this The highest concentration of tritium during 
radionuclide (200 pCi/liter) were also meas- April was 630 + 260 pCi/liter while all concen- 
ured by liquid scintillation counting technique. trations during May were <240 pCi/liter. 


Table 2. Milk surveillance results, May 1973 





Radionuclide concentrations > 
Date Sample (pCi /liter) 


collected : 
asm) | 7? 





Cesium-137 | Strontium-89 Strontium-90 





California: 


Williams Dairy 
Austin 
me... Young’ 's Ranch 


Blue 5 le Ranch 
Manzonie Ranch 
Hiko: 


Schofield Dairy 
Indian Springs: 

Indian Springs Ranch 

Ms 

LDS Dai ad Farms 
Lathrop Wells: 

Kirker Ranch 
Lida: 


Lida Livestock Company 


le: 
‘Vegas Valley Dairy 


McKenzie Dairy 
Mesquite: 
— Bros. Dairy 


pa Dairy: 
Nyala: 
Sharp's 8 Ranch 
Pahrw 

Gauns Ranch 


omnis Dn comeabkboeawae icpnie’ 
oreeeatont Ranch 

Utah: 

Cedar City: 
Westers Gold Dairy 


St. Geo 
R. Cox “Dairy 























*® 11—Pasteurized milk. 
12—Raw milk from Grade A =~ ae 
18—Raw milk from family cow(s). 
> Two-sigma counting error rovided when available. 
¢ Small sample size leeceened minimum detectable activity. 
NA, no analysis. 
NS, no sample. 
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Food and Diet Surveillance 


Efforts are being made by various Federal Networks presently in operation and re- 
and State agencies to estimate the dietary in- ported routinely include those listed below. 
take of selected radionuclides on a continuing These networks provide data useful for develop- 
basis. These estimates, along with the guidance ing estimates of nationwide dietary intake of 
developed by the Federal Radiation Council, radionuclides. Programs reported in Radiation 
provide a basis for evaluating the significance Data and Reports are as follows: 
of radioactivity in foods and diet. 


Program Period reported Issue 
California Diet Study January—June 1971 December 1972 
Carbon-14 in Total Diet and Milk July—December 1971 May 1972 
Institutional Diet October-December 1972 and 


1972 Annual Summary September 1973 
Radiostrontium in Milk 1971 November 1972 


Strontium-90 in Tri-City Diets 1971 December 1972 


October 1973 





SECTION If. WATER 


The Environmental Protection Agency and 
other Federal, State, and local agencies operate 
extensive water quality sampling and analysis 
programs for surface, ground, and treated 
water. Most of these programs include determi- 
nations of gross beta and gross alpha radio- 
activity and specific radionuclides. 

Although the determination of the total radio- 
nuclide intake from all sources is of primary 
importance, a measure of the public health im- 
portance of radioactivity levels in water can be 
obtained by comparison of the observed values 
with the Public Health Service Drinking Water 
Standards (1). These standards, based on con- 
sideration of Federal Radiation Council (FRC) 
recommendations (2-4) set the limits for ap- 
proval of a drinking water supply containing 
radium-226 and strontium-90 at 3 pCi/liter and 
10 pCi/liter, respectively. Higher concentra- 


Water sampling program 
California 
Colorado River Basin 
Community Water Supply Study 
Florida 
Interstate Carrier Drinking Water 
Kansas 
Michigan 
Minnesota 
New York 
North Carolina 
Radiostrontium in Tap Water, HASL 
Tritium Surveillance 
Washington 
Water Surveillance Programs, NERC-LV 





REFERENCES 


(1) U.S. PUBLIC HEALTH SERVICE. Drinking 
water standards, revised 1962, PHS Publication No. 
956. Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402 (March 


1963). 
(2) FEDERAL RADIATION COUNCIL. Radiation 
rotection Guidance for Federal Agencies, Mem- 
orandum for the President, September 1961. Reprint 
from the Federal Register of September 26, 1961. 
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tions may be acceptable if the total intake of 
radioactivity from all sources remains within 
the guides recommended by FRC for control 
action. In the known absence’ of strontium-90 
and alpha-particle emitters, the limit is 1,000 
pCi/liter gross beta radioactivity, except when 
additional analysis indicates that concentrations 
of radionuclides are not likely to cause ex- 
posures greater than the limits indicated by the 
Radiation Protection Guides. Surveillance data 
from a number of Federal and State programs 
are published periodically to show current and 
long-range trends. Water sampling activities 
reported in Radiation Data and Reports are 
listed below. 


* Absence is taken to mean a negligibly small fraction 
of the specific limits of 3 pCi/liter and 10 pCi/liter for 
unidentified alpha-particle emitters and strontium-90, 
respectively. 


Period reported 
1970 
1968 
1968 
1969 
1971 
1971 
January—June 1970 
July 1970-—June 1971 
July—December 1971 
1968-1970 
July-December 1971 
January—March 1973 
July 1970—June 1971 
March 1973 


Issue 


June 1972 
March 1972 
September 1972 
January 1972 
May 1972 
February 1973 
November 1971 
November 1972 
August 1973 
September 1972 
November 1972 
July 1973 
August 1973 
September 1973 





(8) FEDERAL RADIATION COUNCIL. Background 
material for the development of Radiation Protection 
Standards, Report No. 1. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washing- 
ton, D.C. 20402 (May 1960). 


(4) FEDERAL RADIATION COUNCIL. Background 
material for the development of Radiation Protection 
Standards, Report No. 2. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washing- 
ton, D.C. 20402 (September 1961). 
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Tritium Surveillance System, April-June 1973 


Office of Radiation Programs 
Environmental Protection Agency 


The Tritium Surveillance System is an expan- 
sion of previous tritium surveillance activities 
initiated by the Public Health Service and 
transferred in 1970 to the Office of Radiation 
Programs, Environmental Protection Agency 
(EPA). The principal effort in the past related 
to tritium releases was the Tritium in Surface 
Water Network. This network was established 
in 1964 to measure and monitor tritium con- 
centrations in major river systems in the United 
States and to provide surveillance at surface 
water stations downstream from selected nu- 
clear facilities. The network consisted of se- 
lected stations from the existing water pollution 
surveillance sampling stations. The final data 
from this network for January—June 1970, have 
been published previously (1). ; 

Another sampling program of the Public 
Health Service was a tritium in precipitation 


program. This project was established in 1967 
at selected Radiation Alert Network (RAN) 
stations covering the United States, including 
Alaska and Hawaii. The RAN is now operated 
by the Office of Air Programs of the EPA. The 
data from this project for July-December 1969 
have been published previously (2). Due to the 
increased interest in tritium releases from nu- 
clear facilities and the potential long-term 
accumulation in the environment, a national 
system was established to incorporate these 
projects or networks into one overall system. 


Present network 


The Tritium Surveillance System consists of 
68 quarterly drinking water samples at the 
RAN stations, precipitation samples collected 
daily and analyzed monthly from 8 of the RAN 
stations (figure 1), and quarterly samples at 























i 


























Figure 1. Drinking ee and precipitation sampling locations for 


itium surveillance 
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Figure 2. Surface water sampling locations for tritium surveillance system 


39 surface water stations (figure 2). The spe- . 


cific locations for the surface water sampling 
system were determined by examining the water 
drainage areas to assure that a representative 
sample from a large area or region was ob- 
tained, and if possible, incorporating several 
nuclear facility sites. All nuclear facilities that 
were operating, being constructed, or planned 
through 1975 were considered. Consideration 
was also given to the current surveillance pro- 
grams of the States that will be involved in the 
collection of the samples. The surface water 
samples are collected quarterly either down- 
stream from a nuclear facility or at a back- 
ground station. 

The tap water samples are collected by the 
RAN operators on a quarterly basis. The pre- 
cipitation samples are also collected by the RAN 
operators on a daily basis. 
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All samples are sent to either the Eastern 
Environmental Radiation Facility or the Na- 
tional Environmental Research Center—Las 
Vegas, for analysis. Analytical values which are 
not statistically significant at the 2-sigma con- 
fidence level have been reported as zero. 


Results and discussion 


Table 1 presents the tritium concentrations 
in drinking water at the RAN stations for 
April-June 1973. The average tritium concen- 
tration was 0.2 nCi/liter. 

In previous articles on the Tritium Surveil- 
lance System, the reported dose equivalents from 
tritium in body water have been based on a re- 
lationship derived by Moghissi and Porter (3). 
Their relationship assumed a quality factor of 
1.7 for tritium beta rays based on a 1966 ICRP 
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Table 1. Tritium concentration in tap-water 
(RAN stations), April-June 1973 





Date 
(1978) 
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*® The minimum detection limit for all sam 
values equal to or less than 0.20 nCi/liter 
reported as zero. 

The 2e error for all samples is 0.2 nCi/liter unless otherwise noted. 


was 0.20 nCi /liter. All 
ore rounding have been 


recommendation (4). Recently, the NCRP has 
recommended a quality factor of 1 for tritium 
beta rays (5) and this recommendation has 
been adopted for this and subsequent reports. 
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Following the notation adopted by the ICRU 
(6), substitution of a quality factor of 1 in 
Moghissi and Porter calculations yields: 


H (mrem/year) = 0.1C (nCi/liter) 


Where H is the dose equivalent rate and C rep- 
resents the tritium concentration in body water. 

Assuming that the concentration of tritium 
in all water taken into the body is equal to that 
found in the drinking water and also that the 
specific activity of tritium in the body is essen- 
tially the same as that in the drinking water, 
then the radiation dose may be estimated. 

The highest individual concentration of 
tritium observed in the drinking water was 1.0 
nCi/liter during the second quarter. This cor- 
responds to a dose of 0.1 mrem/a, or less than 
0.06 percent of the Federal Radiation Council’s 
Radiation Protection Guide (170 mrem/a) for 
an average dose to a suitable sample of the ex- 
posed population. 

The tritium concentrations for the surface 
water samples are given in table 2. The highest 
tritium concentration was 2.8 nCi/liter for the 
second quarter. Assuming that the specific activ- 
ity of tritium in the body is essentially the same 
as that in surface water, this concentration 
corresponds to a dose of 0.8 mrem/a, or 0.2 per- 
cent of the Radiation Protection Guide. 

The monthly analyses for tritium in precipi- 
tation samples at the 8 RAN stations are shown 
in table 3. 


REFERENCES 


(1) BUREAU OF RADIOLOGICAL HEALTH. Tri- 
tium in surface water network, January-June 1970. 
Oe Health Data Rep 11:688-689 (November 


(2) BUREAU OF RADIOLOGICAL HEALTH. 
ritium in precipitation (RAN), July-December 
188) Radiol Health Data Rep 11:354-855 (July 


(3) MOGHISSI, A. A. and C. R. PORTER. Tritium in 
surface waters in the United States, 1966. Radiol 
Health Data Rep 9:337-389 (July 1968). 





Table 2. Tritium concentration in surface water, April-June 1973 





Water source 


Concentration * 
(nCi /liter + 2c)> 








Poughkeepsie 
Charlotte 


-| Clinch River 
-| Rio Grande 
Connecticut River 


James 
Columbia River 
Columbia River 


Creat i = 

Turkey Poin’ 

National ake Testing Station 
uad-Cities 


(Several)_ 
Peach Bottom and Three Mile Island__-_--- - 
Cliffs. 





uire 
Trojan ‘and Hanford 
nah 


Se Ss 


peep 
ne $s naan 
wr on 
H H HH 


SSL SS SS SS 


4 
Nor 
a 
Dero mM won 
HH 


River Plant and Oconee 


o 














>) to tom bt wo 


o 








* The minimum detection limit for all samples was 0.20 nCi /liter. All values equal to or less than 0.20 nCi /liter before rounding have been reported as 


% The 2¢ error for all samples is 0.2 nCi /liter unless otherwise noted. 
© Sample collected early. 
NS, no sample. 


Table 3. Tritium concentration in precipitation from 
RAN stations, April-June 1973 





Tritium concentration* 
(nCi /liter + 2c) 
Location 





April 





Hawaii: Honolulu 
La New Orleans 
Gastonia 














* The minimum detection limit for these eomgien was 0.20 nCi /liter. 
All values equal to or less than 0.20 nCi /liter before roun _—e been 
rted as zero. The 2¢ error for all samples is 0.2 nCi r unless 
rwise noted. 
> Composite sample for March-June 1973. 


(4) INTERNATIONAL COMMISSION ON RADIO- 
LOGICAL PROTECTION, Recommendations of the 
International Commission on Radiological Protection 
ae September 17, 1965), ICRP Publication 9 
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(5) NATIONAL COUNCIL ON RADIATION PRO- 
TECTION AND MEASUREMENTS. Basic Radia- 
tion Protection Criteria, NCRP Report No. 39, Na- 
tional Council on Radiation Protection and Measure- 
ments, Washington, D.C. 20008 (January 15, 1971). 


(6) INTERNATIONAL COMMISSION ON RADIA- 
TION UNITS AND MEASUREMENTS, Radiation 
ae meng and Units, ICRU Report No. 19, Wash- 
ington, D.C. 20014 (July 1972). 


Other coverage in Radiation Data and Reports: 
Period Issue 


April—June 1972 
July-September 1972 
October-December 1972 
January-March 1973 


January 1973 
February 1973 
May 1973 

July 1973 
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Water Surveillance Programs, April-May 


National Environmental Research Center— 
Las Vegas, Environmental Protection Agency 


The Water Surveillance Network, operated 
by the National Environmental Research Cen- 
ter—Las Vegas (NERC-LV), consists of 61 
sampling locations (figures 1 and 2) in the off- 
site area surrounding the Nevada Test Site 
(NTS). This routine network is operated in 
support of the nuclear testing programs con- 
ducted by the U.S. Atomic Energy Commission 


(AEC) at the Nevada Test Site. 

In the event of a release from the NTS, spe- 
cial sampling within the affected area is con- 
ducted to determine radionuclide concentra- 
tions. Additional water sampling networks are 


*This network is operated under a Memorandum of 
Understanding (No. AT-(26-1)-539) with the Nevada 
Operations Office, U.S. AEC, Las Vegas, Nev. 
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Table 1. 


Water surveillance results, April 1973 





Sample 
type * 


Radioactivity concentrations > 


(pCi liter) 





Gross alpha 


Gross beta 





California: 


Bishop: 
Fish and Game Office 
Death Valley Junction: 
Lila’s Cafe 


Bill Nelson Dairy 
lage Pine: 
rest Service Ranger Station 
Pe mad 


Haiwee Reservoir 
Ridgecrest: 
City Hail 


Nevada: 


Nevada National Bank 
ap = Dia —W 


Blue Jay ee 
ae 
Cactus S 
Mobil | 
Caliente 
cuteurel Extension Station 
Clark Station: 
Five Mile Ranch 
t: 


Curran 
Currant Ranch Cafe 

Diablo: 
Highway Maintenance Station 
Reed Ranch 


Comins 
Bese: 


igh 
Gaidheld 
Chevron Service Station 


way Maintenance Station 


egas Wash 
Vegas Water ee Well 28 
Tule gon Golf C 
eS 


Lida Livestock Company 
L = at storage tank 


a Valley View Ranch 
Mt. Cherieston a 
le Canyon Fire Station 
Nyala: 


rump 
Temnae | Service Station 
Pioche: 


See footnotes at end of table. 
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Table 1. Water surveillance results, April 1973—continued 





Radioactivity concentrations > 
Date Sample (pCi /liter) 


type * 





Gross alpha Gross beta 





<5.0 
<4.4 


‘Terry's Che Chevres Station 
Wan Pine " 


BSE Sse Sek & 8 




















* 21—Pond, lake, reservoir, stock tank, stock d. 
22—S — Stream, - dy “a 


23— 
zt — Multiple supply—mixed (A water sample consisting of mixed or multiple sources of water, such as well and spring.) 


>’ Tw coun’ error vided when available. 
NA, no a ” 


Table 2. Water surveillance results, May 1973 





Radioactivity concentrations > 
Date Sample (pCi /liter) 
type _ 





Gross alpha Gross beta 





California: 
Bishop: 


and 
Death Valley Junction: 
a a a Ne a ee 
reek: 


ustin: 

os ccnickatecasestsvoksodieesenbitabinl 
Blue Diamond: 

Post Office_ 


Blue Jay Highway: 
a | ee 


4 




















See footnotes at end of table. 
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Table 2. Water surveillance results, May 1973—continued 





Radioactivity concentrations > 
(pCi liter) 


| nes Sample 
collected type * 
(1978) 





Gross alpha Gross beta 





Diablo: 
Highway Maintenance Station 


8 


ly: 
Chevron Service Station 
Comins 


ureka: 

Highway Maintenance Station 
Goldfield: 
Hiker Service Station 

Se ofield Dae 
Las Vegas 


Craig ie Ranch Golf Course. 
Desert Game Ran; 


nen om 


H HH OH 
ao 2 a eS we St OD HH AM TROMANAGA BR © wD Aw” OM 


wo onmn we © 
oan sn & 


an 
A 
i) 


iJ 
Fo 
HEHE HEP HH 


Las Vegas Water Diccrick Well 28 
yer Golf Course 


NNWNH Re Gc 


comeo moncoce 
Om woona 

os 

Pm DWemecoDmmn OM DM a He Mm HO 


HH 
O46 Eaasatitas 


Lida Livestock Company. 
— at storage tank 


oapa 
Feleccen Valley View Ranch 
Mt. Charleston: 
Nyala: Canyon Fire Station 


Panewap: 
a ‘Service Station 
Pioche:‘ 


Count; 
Round in: 
Mobil Service Station 
Scotty’s Junction: 
Chevron Service Station 
Sogtngdale: 


Sunnyside: 

Adam McGill Reservoir 

Wildlife Management Headquarters 
Tonopah: 

Jerry’s Chevron Station 

Tonopah Test Range 




















* 21—Pond, lake, reservoir, stock tank, stock pond. 
22—Stream, » Tiver, creek, 
24—Miultiple supply—mixed (A water sample consisting of mixed or multiple sources of water, such as well and spring.) 
27—Spring. 
> Two-sigms counting error provided when available. 


NA, no analysis. 
NS, no sample, 


operated in support of AEC operations in areas analytical procedures was included with the 
other than the NTS when requested. A com- water results reported in the July 1973 issue 
plete description of sampling and routine of Radiation Data and Reports. 
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Figure 2. NERC-LV Water Surveillance Network, Las Vegas Valley 


Results 


The routine analytical results of all water 
samples collected in April and May 1973 by 
the NERC-LV water surveillance network are 
listed in tables 1 and 2. No gamma-emitting 
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fission products were identified by gamma 
spectrometry in any of the April and May sam- 
ples. The analytical results for calendar year 
1973 samples selected for special analyses will 
be reported at a later date. 





SECTION Ifl. AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earli- 
est indications of changes in environmental 
fission product radioactivity. To date, this sur- 
veillance has been confined chiefly to gross beta 
radioanalysis. Although such data are insuffi- 
cient to assess total human radiation exposure 
from fallout, they can be used to determine 
when to modify monitoring in other phases of 
the environment. 

Surveillance data from a number of programs 
are published monthly and summarized peri- 


Network 
Plutonium in airborne particulates 
Surface air sampling program, 80th 
Meridian Network, HASL 
Fallout in the United States and 
other areas 


October-December 1972 
January—December 1971 


1971 


odically to show current and long-range trends 
of atmospheric radioactivity in the Western 
Hemisphere. These include data from activities 
of the Environmental Protection Agency, the 
Canadian Department of National Health and 
Welfare, the Mexican National Institute of Nu- 
clear Energy, and the Pan American Health 
Organization. 

In addition to those programs presented in 
this issue, the following programs were previ- 
ously covered in Radiation Data and Reports. 


Period Issue 


June 1978 
September 1973 


August 19738 
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1. Radiation Alert Network 
June 1973 


Quality Assurance and Environmental 
Monitoring Laboratory, National 
Environmental Research Center—Research 
Triangle Park, Environmental Protection 
Agency 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Alert Network (RAN) which regularly gathers 
samples at 68 locations distributed throughout 
the country (figure 1). Most of the stations are 
operated by State health department personnel. 

The station operators perform “field esti- 
mates” on the airborne particulate samples at 


oD 


| Hawalt e) 
: 3 
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5 hours after collection, when most of the radon 
daughter products have decayed, and at 29 
hours after collection, when most of the thoron 
daughter products have decayed. They also per- 
form field estimates on dried precipitation sam- 
ples and report all results to appropriate En- 
vironmental Protection Agency officials by mail 
or telephone depending on levels found. A com- 
pilation of the daily field estimates is available 
upon request from the Quality Assurance and 
Environmental Monitoring Laboratory, NERC- 
RTP, EPA, Research Triangle Park, N.C. 
27711. A detailed description of the sampling 
and analytical procedures was presented in the 
March 1968 issue of Radiological Health Data 
and Reports. 

Table 1 presents the monthly average gross 
beta radioactivity in surface air particulates 
and deposition by precipitation, as measured by 
the field estimate technique, during June 1973. 




















Radiation Alert Network sampling stations 





Table 1. Gross beta radioactivity in surface air and precipitation, June 1973 





Gross beta radioactivi 
(5-hour field cainase Precipitation 
wane Field estimation of deposition 





Station location 








Depth Total 
(mm) deposition 
(nCi /m?) 





Ala: Montgomery 


82 12 
Alaska: Anchorage 
Attu Island 
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1 
1 
1 
2 
1 
0 
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0 
0 
0 
0 
1 
1 
1 
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1 
0 
1 
1) 
0 
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0 
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0 
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* The monthly average is calculated by weighting the field estimates of individual air samples with length of sampling od. 
> This station is part af the tritium surveillance system. No gross beta measurements are —y - 
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2. Air Surveillance Network 
June 1973 


National Environmental Research Center— 
Las Vegas,' Environmental Protection Agency 


The Air Surveillance Network? (ASN), op- 
erated by the National Environmental Research 
Center—Las Vegas (NERC-LV), consists of 
49 active and 73 standby sampling stations 
located in 21 western States (figures 2 and 3). 
The network is opérated in support of nuclear 
testing sponsored by the Atomic Energy Com- 
mission (AEC) at the Nevada Test Site (NTS), 
and at any other designated testing sites. 

The stations are operated by State health de- 
partment personnel and by private individuals 
on a contract basis. All active stations are op- 
erated continuously with filters being exchanged 
over periods generally ranging from 24 to 72 
hours. The standby stations were activated on 
June 29 to monitor radioactive fallout from a 
nuclear detonation conducted by the People’s 
Republic of China on June 26, 1973. However, 
many of the State and federal agencies at which 
standby sampling stations are located were 


closed over the weekend of June 30-July 1 re- 
sulting in only one or two samples being col- 


lected at 46 locations in June. All samples are 
mailed to the NERC-LV unless special retrieval 
is arranged at selected locations in response to 
known releases of radioactivity from the NTS. 
A complete description of sampling and analyti- 
cal procedures was presented in the February 
1972 issue of Radiation Data and Reports. 


Results 


Table 2 presents the average gross beta con- 
centrations in.air for each of the network sta- 
tions. The minimum reporting concentration for 
gross beta is 0.1 pCi/m*. For reporting pur- 
poses, concentrations less than 1.0 pCi/m* are 
reported to one significant figure, and those 
equal to or greater than 1.0 pCi/m* are reported 
to two significant figures. For averaging pur- 
poses, individual concentration values less than 
the minimum detectable concentration (MDC) 
(0.06 pCi/m! for a 350 m* sample) are set equal 
to the minimum detectable concentration. Re- 
porting and roundoff conventions are indicated 
as follows: 


2Formerly the Western Environmental Research 
Laboratory. 

* The ASN is operated under a Memorandum of Un- 
derstanding (No. AT-(26-1)-539) with the Nevada Op- 
erations Office, U.S. Atomic Energy Commission. 
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NERC-LV Air Surveillance Network stations in Nevada 


October 1973 





Reported value of Reported value of concentration 
Concentration concentration above MDC concentration below MDC 
(pCi/m*) (pCi/m*) (pCi/m‘) 
<0.05 <0.1 <0.1 
> .05 <0.15 1 Ye 
=> .15 As calculated and rounded < calculated MDC 











As shown in table 2, the highest gross beta Complete copies of this summary and listings 
concentration within the network was 0.2 of the daily gross beta and gamma spectrometry 
pCi/m* at Diablo, Nev. No radionuclides were results are distributed to EPA regional offices 
identified by gamma spectrometry on any filters and appropriate State agencies. Additional 
or charcoal cartridges during June. copies of the daily results may be obtained from 

the NERC-LV upon written request. 


Table 2. Summary of gross beta radioactivity concentrations in air, June 1973 





Concentration 


(pCi /m‘) 


Location 
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See footnote at end of table. 
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Table 2. Summary of gross beta radioactivity concentrations in air, June 1973—continued 





Concentration 
(pCi /m®) 
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* Individual values less than the minimum detectable concentration (MDC) are set equal to the MDC for aver- 
aging. A monthly average less than the minimum reportable value of 0.1 pCi/m! is reported as <0.1. 
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Figure 3. NERC-LV Air Surveillance Network outside Nevada 
October 1973 





3. Canadian Air and Precipitation Surface air and precipitation data for June 
Monitoring Program® 1973 are presented in table 3. 
June 1973 
Table 3. Canadian gross beta radioactivity in surface 
Radiation Protection Division air and precipitation, June 1973 
Department of National Health and Welfare 





Air surveillance gross Precipitation 
eer) — ed 
The Radiation Protection Division of the 

Canadian Department of National Health and 
Welfare monitors surface air and precipitation 
in connection with its Radioactive Fallout 
Study Program. Twenty-four collection stations 
are located at airports (figure 4), where the 
sampling equipment is operated by personnel 
from the Meteorological Services Branch of the 
Department of Transport. Detailed discussions 
of the sampling procedures, methods of analy- 
sis, and interpretation of results of the radio- 
active fallout program are contained in reports 
of the Department of National Health and Wel- 
fare (1-5). 

A summary of the sampling procedures and 
methods of analysis was presented in the May _— Sault Ste, Marie -.. 
1969 issue of Radiological Health Data and 
Reports. 
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* Prepared from information and data obtained from Yellowknife 


the Canadian Department of National Health and Wel- Network summary_| 115 
fare, Ottawa, Canada. 
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Figure 4. Canadian air and precipitation sampling stations 
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4. Pan American Air Sampling Program 
June 1973 


Pan American Health Organization and 
U.S. Environmental Protection Agency 


Gross beta radioactivity in air is monitored 
by countries in the Americas under the auspices 
of the collaborative program developed by the 
Pan American Health Organization (PAHO) 
and the Environmental Protection Agency 
(EPA) to assist PAHO-member countries in 
developing radiological health programs. 

The air sampling station locations are shown 
in figure 5. Analytical techniques were described 
in the March 1968 issue of Radiological Health 
Data and Reports. The June 1973 air monitor- 
ing results from the participating countries are 
given in table 4. 
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Figure 5. Pan American Air Sampling Program 
stations 


October 1973 


Table 4. Summary of gross beta radioactivity in 
Pan American surface air, June 1973 





Gross beta radioactivity 
(pCi /m*) 
Station location 








Argentina: Buenos Aires 
Bolivia: La Paz 
Chile: 
Colombia: 
Ecuador: 

Guayaquil 

uito 

Guyana: 
Jamaica: 
Peru: 
Venezuela: 














Pan American summary } 0.04 A |} 0.01 








* The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values less than 0.005 pCi/m® are re- 
ported and used in averaging as 0.00 pCi/m'*. 





5. California Air Sampling Program 
June 1973 


Bureau of Radiological Health 
California State Department of Public Health 


The Bureau of Radiological Health of the 
California State Department of Public Health 
with the assistance of several cooperating agen- 
cies and organizations operates a surveillance 
system for determining radioactivity in air- 
borne particulates. The air sampling locations 
are shown in figure 6. 

All air samples are sent to the Sanitation and 
Radiation Laboratory of the State Department 
of Public Health where they are analyzed for 
their radioactive content. 

Airborne particles are collected by a continu- 
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Figure 6. California air sampling program stations 


ous sampling of air filtered through a 47 milli- Table 5. Gross beta radioactivity in California air 
meter membrane filter, 0.8 micron pore size, i 

using a Gast air pump of about 2 cubic feet per Gross beta radioactivity 
minute capacity, or 81.5 cubic meters per day. Station location pein 

Air volumes are measured with a direct reading 
gas meter. Filters are replaced every 24 hours 
except on holidays and weekends. The filters 
are analyzed for gross alpha and beta radio- 
activity 72 hours after the end of the collection 
period. The daily samples are then composited 
into a monthly sample for gamma spectroscopy 
and an analysis for strontium-89 and strontium- 
90. Table 5 presents the monthly gross beta 
radioactivity in air for June 1973. The monthly 
sample results are presented quarterly. 
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SECTION IV. 


This section presents results from routine 
sampling of biological materials and other 
media not reported in the previous sections. 
Included here are such data as those obtained 


OTHER DATA 


from human bone sampling, Alaskan surveil- 
lance, and environmental monitoring around 
nuclear facilities. 





Strontium-90 in Human Vertebrae, 1971° 


Health and Safety Laboratory 
U.S. Atomic Energy Commission 


Since 1961, the strontium-90 content of hu- 
man vertebrae has been measured by the 
Health and Safety Laboratory (HASL). Data 
obtained from these programs have been used 
to construct models that attempt to explain the 
variation of strontium-90 concentrations in 
bone with age and time. The main purpose of 
the work is to provide estimates of the radiation 
dose to man that has resulted from the fallout 
from nuclear weapons tests. In attempting to 
construct the models it has become apparent 
that there are serious gaps in our knowledge 
of mineral metabolism, especially that of chil- 
dren. The survey data have therefore been used, 
at times, to gain some insight into the metab- 
olism of strontium by children. This approach 
is very difficult because of the small numbers of 
specimens that are available and the absence 
of an exact knowledge of the diet of the children 
from whom specimens were obtained. Because 
it is unlikely that much direct experimental 
data from tracer studies on children will ever 
be available, we will be forced to rely on the 
indirect evidence from survey results to con- 
struct our models. 

During 1971, 254 specimens of human verte- 
brae were analyzed, including 56 from children 
and 37 from adults obtained in New York City 
and 91 from children and 70 from adults ob- 
tained in San Francisco. A summary of the 
results of strontium-90 determinations is given 
in table 1. 


*Summarized from Fallout Program Summary Re- 
port, HASL-257 (July 1, 1972). 
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Table 1. -Strontium-90 to calcium ratios in human 


vertebrae, 1971 





Strontium-90 to calcium ratios 
(pC gCa 





New York City San Francisco 





pt 89 cone to 


NM 
— 
a 


Poor POM oe I 1 Cor 











* Numbers in parenthesis indicate number of samples. 


The strontium-90 to calcium ratios for adults 
are relatively constant, as has previously been 
observed. The variations about the mean are 
typical of such survey measurements. The aver- 
age values and standards deviations for adult 
vertebrae in 1971 were 1.40 + .37 pCi/g Ca in 
New York and .80 + .85 pCi/g Ca in San 
Francisco. 

The strontium-90 to calcium ratios for chil- 
dren’s bones show more variation than the adult 
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values. Generally higher values are obtained for 
children than adults, but most values are within 
a factor of 114 to 2 of the adult values. The 
highest value measured in New York vertebrae 
during 1971 was 3.25 pCi/g Ca for a 114-year- 
old child and in San Francisco 2.53 pCi/g Ca 
for a 5-year-old child. 


Bone model 


An improved bone model has been formulated 
to correlate the strontium-90 concentrations in 
diet and bone. The model as it applied to adult 
vertebrae is described by the equation: 


B, = cD, + 85> Ds-ne™ ...Q) 


m=0 


where, 


B, = Sr concentration in vertebrae in the 
year n (pCi) 
D, = Sr concentration in diet from mid- 


year in the year n-1 to mid year 
in the year n (pCi) 


c = short-term retention of *Sr in bone 
g = long-term retention of *Sr in bone 


1—e*=bone turnover rate plus radio- 
active decay (yr) 


The formula describes a two compartment 
model, one compartment associated with short- 
term retention of strontium on bone surfaces 
and another compartment in which the stron- 
tium is more tightly retained in bone. The pa- 
rameters c and g are independent and not related 
to the previously used concept of observed 
ratio, since retention can also be associated 
with processes other than new bone formation. 
The factors c, g, and A are constant for adults 
(=> age 20 years) but are age dependent for 
children. 

Variations of the above bone model were in- 
vestigated, such as the inclusion of an exponen- 
tial in the short-term retention term. The best 
fit in this form, however, was with a very high 
order exponential, indicating essentially com- 
plete turnover of the short-term component dur- 
ing the course of a year. 
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The above formula for the bone model main- 
tains a desired simplicity and yet gives ade- 
quate description of the year-to-year changes 
in strontium-90 content of bone. The values ob- 
tained for the model parameters allow reason- 
able interpretation. 


Strontium-90 in adult vertebrae 


The observed strontium-90 concentrations in 
adult vertebrae are shown in figure 1. Addi- 
tional approximate values for the earliest years 
of contamination (1954-59) in New York from 
the data of Kulp and Schulert (1) have also 
been included. The adult data include only sam- 
ples from individuals age 20 years or older in 
1954, thus representing adult metabolism for 
the entire contamination period. 

A definite decreasing trend in the observed 
values in adult vertebrae is apparent since 1965, 
corresponding to decreases in dietary stron- 
tium-90 intake. The relatively large standard 
deviations about the average values preclude 
extremely accurate determination of the actual 
decreases and thus the bone turnover rates; 
however, these are becoming more firmly estab- 
lished as additional years of data accumulate 
during periods of decreasing strontium-90 
levels in diet. 

From regression analysis of the measured 
New York adult diet and vertebrae values 
through 1970 in the above bone model, one in- 
fers a turnover rate of 13 percent per year for 
adult vertebrae. This value also fits the 1971 
results within the standard deviation, but based 
on least squares criteria from the average ob- 
served values, a turnover rate of 18 percent per 
year is more appropriate for the data through 
1971. This latter value also gives the best fit 
to the San Francisco data through 1971. These 
best fits to the observed data using the bone 
model are shown in figure 1. 

The model shows peak strontium-90 concen- 
trations in adult vertebrae in 1965, in agree- 
ment with observations. Subsequent decreases 
are achieved with a turnover rate which is rea- 
sonable, in view of the remodeling and diffusion 
processes occurring in bone. The bone model 
appears to be quite responsive to strontium-90 
levels in diet and gives very satisfactory fits to 
the observed strontium-90 levels in vertebrae. 
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Figure 1. Strontium-90 in adult vertebrae—observations 
(points with standard deviations) and bone model 
predictions (solid line) 


Strontium-90 in children’s bone 


The strontium-90 concentration in children’s 
bone can be determined by the formula 


Bin = (G4 +8:) Di, n+ [Bi-1, n-1-Gi-1 Dj-1, na] €% 


The bone model parameters are defined as before. 
The subscript i indicates the age dependence. 

For the newborn, the strontium-90 concen- 
tration can be related empirically to the 
mother’s diet. The strontium-90 to calcium ratio 
in bone of newborns varies from .1 to .2 times 
the strontium-90 to calcium ratio in diet of the 
mother during the year prior to the birth. An 
average of about .16 is obtained from the survey 
data. 

From the regression results for children, one 
infers that a one compartment, single exponen- 
tial model (c; = 0) applies to children under 
age 8 years. The one compartment formulation 
of the above model closely corresponds to the 
previously used Rivera bone model (2). The 
undifferentiated nature of bone of young chil- 


dren and the relatively high turnover rates 
justify the one compartment treatment. 

The turnover rates and relative retention as 
a function of age are shown in figures 2 and 3. 
The turnover rates reflect bone growth activity 
and are highest for the youngest children. 
Nearly 100 percent per year turnover rate is 
indicated for the 0-1 year age range. A rela- 
tively high turnover rate, about 40 percent, is 
maintained through the preteenage years. The 
values then decrease to the adult value. 

The relative retention of strontium-90 in 
bone is the fractional retention of the dietary 
strontium-90 intake (c;+-g,) per gram of skele- 
tal calcium. The highest efficiency for stron- 
tium-90 retention is obtained for the youngest 
children. Increased efficiency associated with 
increased growth is also indicated for children 
in the early teenage years. 


The magnitude of the relative retention was 
determined by assuming that vertebrae be- 
havior is representative of entire skeletal be- 
havior. This assumption becomes less satisfac- 
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Figure 3. Retention of strontium-90 


r gram skeletal calcium 


(The upper histogram is the total relative retention, c, is the 
short-term component, and g; is the long-term component) 


tory for older children and adults. Initial 
estimates of body burden will be high and esti- 
mates at later times will be low, assuming less 
initial retention and slower turnover rates for 
compact bone. Integral results should be more 
representative for the entire skeleton, such as 
the cumulative dose results following a period 
of strontium-90 intake of 1 year or more. 
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Environmental Levels of Radioactivity at Atomic Energy 


Commission Installations 


The U.S. Atomic Energy Commission (AEC) 
receives from its contractors annual reports on 
the environmental levels of radioactivity in the 
vicinity of major Commission installations. The 
reports include data from routine monitoring 
programs where operations are of such a na- 
ture that plant environmental surveys are re- 
quired. 

Releases of radioactive materials from AEC 
installations are governed by radiation stand- 


ards set forth by AEC’s Division of Operational 
Safety in directives published in the “AEC 
Manual.” ? 

Summaries of the environmental radioac- 
tivity data follow for the Lawrence Livermore 
Laboratory and the Shippingport Atomic 
Power Station. 

*Title 10, Code to Federal eee. Part 20, 
“Standards for Protection Against Radiation” contains 


essentially the standards published in Chapter 0524 of 
the AEC Manual. 





1. Lawrence Livermore Laboratory? 
January—December 1971 


University of California 
Livermore, Calif. 


The Lawrence Livermore Laboratory (LLL) 
(figure 1) is located approximately 50 miles 
southeast of San Francisco in the Livermore- 
Amador Valley of California. Shielded from the 
ocean by the western hills, the Livermore Valley 
has a warm, dry climate. Prevailing winds are 
from the west and southwest during April 
through September, and from the northeast 
during the remainder of the year. Annual rain- 
fall is about 14 inches with most of the precipi- 
tation occurring during the winter months. 
Surface water drainage from the valley is from 
east to west through various arroyos, with out- 
flow near Sunol in the southwestern corner of 
the valley. 

Agriculture is the principal activity in the 
Livermore Valley. Roses, grain, hay, and grapes 
are the major products. Several cattle and sheep 
ranches surround the Livermore Laboratory. 

The Livermore Laboratory occupies an area 
of 1 square mile, approximately 3 miles east 
of the city of Livermore. Livermore and 
Pleasanton, with a combined population of 
45,000 are the populated areas of primary in- 
terest to the Livermore site. 


*Summarized from Environmental Monitoring at 
Major U.S. Atomic Energy Commission Contractor 


Sites, Lawrence Livermore Laboratory, January—Decem- 
ber 1971. 
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An environmental sampling program is main- 
tained to provide information regarding the 
effectiveness of control measures and to de- 
termine whether any radiological changes in 
the environment are the result of laboratory 
operations. The sampling program includes air 
particulates, soil, domestic water, sewer 
effluent, sewage plant products, milk, and vege- 
tation. These samples are analyzed for gross 
radioactivities as well as for the activity of 
specific radionuclides of interest. In addition, 
environmental background radiation is meas- 
ured at numerous locations in the vicinity of 
the Livermore Laboratory by means of thermo- 
luminescent detectors. 


Atmospheric radioactivity 


The concentrations of various airborne radio- 
active substances were measured at 16 air 
sampling stations situated throughout the 
Livermore Valley. Their locations are shown 
in figures 1 and 2. The six samplers located on 
the laboratory perimeter use 80 square-inch 
Whatman 41 filters. The average sampling rate 
is 25 cfm. The remaining samplers, located 
offsite, use 36 square-inch HV-70 (cellulose- 
asbestos) filters and operate at an average flow 
rate of 4 cfm. These air samplers are situated 
in such a manner providing reasonable assur- 
ance that a significant release of airborne par- 
ticulate radioactivity from the laboratory would 
be detected regardless of the local meteorology 
at the time of the release. Filters are changed 
weekly during the winter months and twice 
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Figure 1. Lawrence Livermore Laboratory offsite environmental sampling locations 


weekly during the summer to avoid excessive 
mass loading. An automatic radiation detection 
system with gas-flow proportional detectors is 
used to determine gross alpha and beta activi- 
ties deposited on the filters after radon decay. 
The filters are also assayed for gamma-emitting 
radionuclides by means of a specially designed 
Ge(Li). detector equipped with a Compton sup- 
pression system (1). 

No gross alpha activity above the 1 fCi/m* 
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detection limit was observed on the filters. The 
gross beta activities averaged over 3-month 
periods and the annual average radioactivities 
are shown for each sampling location in table 1, 
where they may be compared with the appro- 
priate AEC standards. A significant fraction 
of the beta activities deposited on the filters is 
due to global fallout produced by nuclear weap- 
ons tests and by cosmic-ray interactions with 
the atmosphere. This is shown in table 2 which 
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Figure 2. Lawrence Livermore Laboratory onsite environmental sampling locations 


lists the activities of the more abundant gamma- 
emitting radionuclides in monthly composite 
samples collected by the six laboratory perime- 
ter samplers. These data exhibit the typical 
spring increase in surface air radioactivity due 
to the enhanced transport of relatively high 


626 


activity stratospheric air into the troposphere 
during this time of year. In addition, the data 
shows the influence of the French and Chinese 
atmospheric nuclear weapons tests of 1970 
which injected significant quantities of fresh 
debris into the stratosphere. This is illustrated 
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Table 1. 


Airborne particulate activity within the Livermore Valley, January-December 1971 





Gross beta radioactivity (pCi/m*) 





Sampling location * January-March April-June 


July-September October-December 





Maximum 


Maximum 
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See figures 1 and 2 for sampling locations. 
The AEC standard is 1 pCi/m*. 


Table 2. Results of gamma-ray spectral measurements of Livermore Laboratory perimeter air filters 
January-—December 1971 
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(1971) 


Concentration 
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*® Assumes the activity is in an insoluble form. 


in figure 3 by the zirconium-95 to cesium-137 
ratios which increased to a maximum value dur- 
ing the spring, due to the addition of relatively 
large quantities of zirconium-95 as expected 
with little or no further addition of fresh 
debris. 

These monthly composite samples were also 
subjected to plutonium and uranium analyses 
by dry ashing and complete dissolution of the 
filters and subsequent radiochemical separation 
of the elements. The plutonium was isolated by 
ion-exchange techniques and detected by alpha 
spectrometry. The isotopic uranium analyses 
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were performed by mass spectrographic meth- 
ods. The results are provided in table 3. Inspec- 
tion of the data reveals that the relative activi- 
ties of plutonium-238 and plutonium-239 ap- 
proximate those normally observed in global 
fallout. The decreasing values of the ratio un- 
doubtedly are a result of the addition of fresh 
plutonium-239 from the recent atmospheric 
weapons tests, as well as depletion of the plu- 
tonium-238 produced by the 1964 SNAP gen- 
erator burn-up. The uranium-235-uranium-238 
ratios approximate the values observed in 
natural uranium. 





Measured activity ratio 











| | 
Apr May = Jun Jul Aug Sept Oct Nov 
1971 





Figure 3. The measured *Zr-—“"Cs activity ratios on air 
filters from LLL perimeter samplers 


Table 3. Plutonium and uranium concentrations in Livermore Laboratory perimeter air filters 
January-December 1971 





Month 
(1971) 


Activity 
(aCi/m') 











gust 
September 
I a tierce ciraeininnte 


meron cccOoqD cw 





Annual average 





AEC standard 


1,000,000 





Percent of AEC standard_- 





0.0071 




















* Assumes the activity is in an insoluble form. 
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The calculated annual lung doses to an adult 
resulting from inhalation of the radionuclides 
listed in tables 2 and 3 are shown in table 4. 
These were obtained by using the ICRP Lung 
Model (2) and making the following assump- 
tions: 

the radionuclides are present in an insoluble 
form, 

the mean particle activity diameter is 1 
micrometer, and 

the activities of the radionuclides within the 
various body organs have obtained equilibrium. 

We feel the first two assumptions are rea- 
sonable in view of the fact that the activities 
may be situated in insoluble silicate matrixes 
within particles that may range in size from 
1/10 to several micrometers in diameter. This 
is the range usually observed in air pollution 
studies. Also, since global fallout has been with 
us for upwards of two decades, the third as- 
sumption should be valid for most radionuclides 
since their half-lives in the lung are short rela- 
tive to the long exposure time. The data in table 
4 shows that the resulting inhalation doses are 
minor with the greatest contribution (2.6 
mrem) being due to cerium-144. 


Table 4. Inhalation doses resulting from the air 
concentrations shown in tables 2 and 3 





Calculated annual 
Radionuclide 





Cerium-144 

en ki omadnepoencaeecneninhtan 
Antimony-125 

Be 


Ruthenium-106 
Cesium-137 


Plutonium-239 
Uranium-235 
Uranium-238 








Soil 

A soil sampling program is currently under- 
way to determine the surface distribution of 
various radionuclides that have been deposited 
within the Livermore Valley as a result of 
global fallout from atmospheric weapons tests 
as well as from possible laboratory effluents. A 
core sampling method was used to obtain the 
soil samples at various depths down to 20 cm 
for activity/depth profile studies. Each sample 
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was collected over a surface area ranging be- 
tween 250 cm? to 1,000 cm? by combining a min- 
imum of 10 separate cores obtained over an 
approximate 30 m? area. 


The samples were thoroughly dried and 
homogenized before undergoing analyses for 
the radionuclides of interest. During the initial 
phases of the program, a minimum of 50 grams 
of soil were subjected to either the HASL acid 
leach method (3) or a complete dissolution 
method by various outside contractors for the 
analysis of plutonium-238, plutonium-239, and 
strontium-90. Analysis of the leach residues 
from several samples for quality control pur- 
poses indicated that approximately 90 percent 
of the total plutonium activity in the samples 
was removed by this leach method. However, 
because of the possibility of large variations in 
the chemical and physical state of the plutonium 
that may appear in the environment, a capa- 
bility was developed within LLL to completely 
dissolve 100-gram soil samples by acid dissolu- 
tion techniques to gain increased analytical 
sensitivity and sample homogeneity. Standard 
ion-exchange techniques and alpha-plus-height 
analyses are used to quantitate the plutonium 
content of the soil. Gamma spectral analyses 
were made by placing approximately 300 grams 
of soil on a Ge(Li) detector equipped with a 
Compton suppression system. These analyses 
provided quantitative data regarding the con- 
centrations of cesium-137, cerium-144, zir- 
conium-95, and potassium-40 in Livermore 
soils, 

The results of the analyses are provided in 
table 5, and the sampling locations are shown 
in figure 4. The depth profile studies at sam- 
pling locations 9, 10, 11, and 15 indicate the 
artificially produced radionuclides do penetrate 
appreciably into the soil, probably as a result 
of leaching or mechanical mixing. Generally, 
the activity in the 15-20-cm layer is about a 
factor of 10 less than that in the top 1l-cm 
layer, although wide variations may be ob- 
served. As expected, the activity of potassium- 
40 seems to be distributed fairly homogeneously 
with depth. Our analytical techniques generally 
made it possible to detect the activities of 
plutonium-239, strontium-90, cesium-137, and 
potassium-40 to a sampling depth of about 
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Table 5. Activity levels of various radionuclides in sou, January-December 1971 





Pee Gaeiee 
Sampling location (em) ee 
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480+ 6% 
150+18% 
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190 212% 
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270 +10% 
96+21% 
46+35% 

180 +16% 70+24% 460 +22% 
63 +249 

] 1380 +12% 160 +48% 
180+14% 570+16% 
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See footnotes at end of table. 
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Table 5. Activity levels of various radionuclides in soil, January-December 1971—continued 





Sampling location 


Concentration 
(fCi/g) “K 


concentration 





g 
” 
Ee 


(pCi/g) 
“Sr Cs seats 





_ 
wan 

ee 
cocoa acon 
SWWLWL 


to 
So 


ea wad 
HHH HEHEHE 


me 


~ 


aw 
=O 
POLE AE EOKRAIDOKLREATIAAAAIAAIAoN 


SrmmHrmrHonmse 


SWLSLSWNIWWWWWRBLSY__ SILL 
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HHEHHHHEHEHEHEHEEHEHEEEEEEEEE 











110316 200 +13 

82418 

64418% 

884+ 4% 
140414 66-434% 
42 +40 

1304144 20 +45% 


480+ 8% 

















* Sample locations 1 through 7 are located onsite. All others are offsite. 


20-30 cm, while zirconium-95 and cerium-144 


could only be detected in the top 1-cm layer. 
The resulting deposition values are shown in 
table 6. Most of the plutonium-239 deposition 
levels are of the order of 1 mCi/km?, but some 
locations indicate values that are appreciably 
higher. For instance, the elevated levels shown 
at onsite locations 1 to 7 are due to their close 


proximity to the area being used for solar 
evaporation of low-level radioactive waste 
liquids. These levels are undoubtedly due to a 
number of low-level spills that occurred in this 
area several years ago in connection with the 
solar evaporation operation. This contamina- 
tion, however, has not spread offsite as indi- 
cated by the plutonium levels observed at loca- 





42 














Figure 4. Livermore Valley soil sampling locations 
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Table 6. Deposition levels of various radionuclides in soil, Livermore, January-December 1971 





Sampling location 


Concentration 
(mCi/km*) 
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* Sample locations 1 through 7 are onsite. All others are offsite. 


tions 8, 9, and 11 which are situated immedi- 
ately offsite from the contaminated area. In 
addition, the holding pond at the Livermore 
Sewage Treatment Plant, locations 41, 45, 51 
through 54 also indicate elevated plutonium-239 
activities. These values have resulted from rou- 
tine and accidental releases of small amounts 
of plutonium over long time periods through 
the sanitary sewer system which carries the 
laboratory’s biological and industrial effluents 
to the Livermore Sewage Treatment Plant. 

In order to gain a better perspective of the 
contribution that the laboratory operations 
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have had on the environmental levels of plu- 
tonium within the Livermore Valley, the plu- 
tonium-239 deposition values were plotted in 
figure 5. The data were found to fit two separate 
distributions. The upper distribution represents 
data obtained from the onsite locations in the 
vicinity of the solar evaporation area and from 
the holding pond at the Livermore Sewage 
Treatment Plant. The lower distribution, on the 
other hand, represents the remainder of the 
data obtained from areas where the laboratory’s 
contribution has been minimal, if any, and 
therefore represents predominantly the contri- 
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Figure 5. Distribution of plutonium-239 deposition values in 
Livermore Valley soils 
(The upper distribution represents data obtained from onsite locations 
and from one of the holding ponds at the Livermore sewage treatment 
plant. The lower distribution represents data obtained from areas where 
the laboratory’s contribution has been minimal) 


bution due to global fallout from atmospheric 
weapons test. This distribution exhibits a mean 
value of 1 mCi/km?’, which is almost a factor of 
2 less than the mean value obtained from the 
data of Hardy and Krey (4). Their measure- 
ments of global fallout-produced plutonium-239 
deposition levels at 13 sites throughout the 
United States ranged from 0.7-2.4 mCi/km?. 
Since most of the global fallout contribution has 
been by wet deposition, this factor of 2 difference 
is quite reasonable in view of the Livermore 
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Valley’s low annual rainfall of about 14 inches. 
Likewise, the median cesium-137 deposition 
level of 26 mCi/km? is about a factor of 3 below 
the median deposition level that one may derive 
from the cesium-137 exposure rates in air meas- 
ured by Lowder and McLaughlin (5) at many 
locations throughout hte United States. The 
activities of zirconium-95 and cerium-144 are 
appreciably lower than that of cesium-137 and 
strontium-90 primarily due to their relatively 
short half-lives. One would expect their activi- 
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ties to be mainly due to the recent French and 
Chinese atmospheric nuclear weapons tests. 
Thus, the laboratory’s contribution to these 
fission product activities is negligible. 

The samples collected onsite in the vicinity 
of the area being used for solar evaporation of 
low level radioactive liquids were, in addition, 
subjected to isotopic uranium analysis by mass 
spectrographic methods. The results are shown 
in table 7. The total uranium concentrations are 
less than the global average of about 4 ng/g 
and the uranium-235/uranium-238 ratio ap- 
proximates that in natural uranium, indi- 
cating that the solar evaporation operation has 
not contributed any measurable uranium activ- 
ity to the environment in this particular area. 

Environmental radiation levels due to the 
gamma-emitting radionuclides distributed in 
the soil may be inferred from these measure- 
ments by using the data of Beck and de Planque 
(6). Detailed calculations have not been com- 
pleted at this time, but preliminary results in- 
dicate that the mean exposure rate in air due 
to the cesium-137 activity in the soil at a height 
of 1 meter above the ground within the Liver- 
more Valley is approximately 0.1 »R/h (0.88 
mR/yr). The exposure rates due to the zir- 
conium-95 and cerium-144 activities in the soil 
are insignificant relative to that of cesium-137. 
By using the data of Wollenberg, et al (7) and 
the data in tables 5 and 7, one may determine 
the mean natural background exposure rates 
due to the activities of potassium-40 and ura- 
nium-238 series in the soil to be 0.7 »zR/h (6.2 


mR/yr) and 1.4 »zR/h (12.8 mR/yr), respec- 
tively, at a height of 1 meter above the ground. 
Thus, the natural contribution to the exposure 
rate due to gamma emitters in the soil is far 
greater than that due to the artificially pro- 
duced radionuclides. To determine the environ- 
mental impact due to the elevated plutonium 
deposition levels is very difficult. For these 
particular sites, the primary concern to man is 
that due to resuspension of the plutonium and 
subsequent inhalation. Since resuspension fac- 
tors vary over many orders of magnitude, it is 
difficult to calculate a meaningful expected air- 
borne concentration. However, we anticipate 
that these airborne concentrations will not be 
significantly above background levels. 


Sewer effluent 


The low level radioactive wastes from the 
laboratory are discharged into the City of 
Livermore sanitary sewer system. This effluent 
is processed at the Livermore Sewage Treat- 
ment Plant where the liquid and sludge are 
separated on entering the plant. The sludge 
passes into one of two digesters where it is 
broken down by bacterial action. Methane gas 
is evolved and burned, and the remaining sludge 
is released to large sludge ponds and retained 
for subsequent use as a soil conditioner. The 
purified water is used for irrigating the Liver- 
more Golf Course and nearby agricultural land; 
the excess is discharged into the Los Positas 
Arroyo. 


Table 7. Concentrations of uranium in soils, Livermore Laboratory, January-December 1971 





Sampling location seed Of 
(cm) e’e) 


Total uranium 
(ug/g) 
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* The **U/™8U ratio in natural uranium is 0.0072. 
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Table 8. 


Livermore sewage treatment plant sampling results, January—December 1971 





Gross alpha activity 
(pCi /liter) 





Month 
(1971) 


Aeration tank Effluent 





” High 


Average 





January 


380 +20 
February 


September 
October 


wo 
aevcrnaae 
a2cwvonrer 
He He He He He Ht 
DODD 
NIANOwSKNA 


SWWWWWWWI 


42 +26% 
80 +18% 























Gross beta activity 
(pCi /liter) 





1,400 +5 





1,000 +4% 


48+15 


43 4+138% 


























(nCi/liter) 


Tritium activity 


Strontium-90 activity 
(pCi/liter) 





Effiuent 


Effluent 





Average 





a 
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Percent AEC 


Percent AEC 
standard ° 


standard 4 


























* AEC standard (alpha activity) = 100 pCi/liter. 

> AEC standard (beta activity) = 100 pCi/liter. 

* AEC standard (HTO) =3,000 nCi/liter. 

¢ AEC standard (Sr) = 300 pCi/liter. 

Weekly samples were collected from each 
digester, the aeration tank and the liquid 
effluent discharged from the plant in order to 
determine if any significant buildup of radio- 
activity occurred within the plant. These sam- 
ples were subjected to gross alpha and beta 
analyses by complete dissolution, electrolytic 
deposition and direct proportional counting. 
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The tritium analyses were performed by: sub- 
jecting 1 ml of each sample to direct liquid 
scintillation counting. In addition, a monthly 
composite sample of the effluent was analyzed 
for strontium-90 by radiochemical separation 
and beta counting. The concentrations observed 
during 1971 averaged over 1 month periods are 
given in table 8. Most of the gross alpha and 
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gross beta activities are associated with the 
sludge present in the effluent. Thus, samples 
obtained from the digesters show the highest 
activities with the expected attendant decrease 
in activity as the relatively purified liquid 
passes through the aeration tank and is finally 
released from the plant. 


Water 


Monthly samples were collected from various 
water sources in the Livermore Valley. These 
samples were analyzed for gross alpha and 
gross beta activities by techniques similar to 
those used for sewage effluent samples. No sam- 
ple showed an alpha activity above the limit of 
detection of 1.2 pCi/liter. Quarterly averages 
for beta activities are given in table 9. Locations 
7, 14 through 18, and 21 through 24 represent 
surface sources such as ponds, creeks, reser- 
voirs, and aqueducts. Livermore rainfall is 
sampled at location 20. The remainder of the 
locations are domestic water sources. The activ- 
ities are reasonably homogeneous with the 
highest value occurring in the rainfall sample 
collected over a 3-month period. 

The samples collected during the first 6 
months of 1971 were analyzed for tritium activ- 
ity by direct scintillation counting. The maxi- 
mum activity was 11 nCi/liter + 8 percent with 
an average value of 4.0 nCi/liter (the limit of 
detection) which is 0.1 percent of the offsite 
AEC standard of 3 »Ci/liter. Because of these 


low radioactivities, the samples collected dur- 
ing the last 6 months were vacuum distilled 
and electrolytically enriched before scintillation 
counting. The results of these analyses are 
shown in table 10. Inspection of the data indi- 
cates that the samples also exhibit rather uni- 
form tritium concentrations that are well below 
the AEC standards. The table also includes an 
estimate of the dose that may be delivered to 
an adult consuming water containing the listed 
tritium concentrations. The doses, which are 
typically less than 0.1 mrem, are based upon a 
daily water consumption of 1 liter per day (8) 
and the model of Anspaugh, et al. (9). 


Vegetation 


Vegetation samples (usually native grasses) 
were collected from nine locations in the Liver- 
more Valley during January, April, and May. 
The samples were dried in ambient air for 
about a week and then pressed into 5-inch 
diameter and 1-inch thick pellets weighing 
approximately 200 grams. The pellets were 
analyzed for various gamma-emitting radio- 
nuclides by placing them between two 8- by 
4-inch NaI(T1)crystals. A portion of each sam- 
ple was also freeze dried and the collected water 
was analyzed for tritium activity by direct 
scintillation counting. These techniques were 
changed in the middle of the year after the 
development of improved analytical facilities. 
During the months of August, October, and 


Table 9. Gross beta radioactivity in Livermore water samples, January-December 1971 





January-March April-June 


July-September October-December 





Activity Location 


(pCi /liter) 


Activity 
(pCi /liter) 


Activity Location 


Activity 
(pCi/liter) 


(pCi/liter) 
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* AEC standard (beta activity) =30 pCi/liter. 


636 


Radiation Data and Reports 





Table 10. Tritium activities in Livermore water samples 
collected during July-December 1971 





Concentration 


Calculated 
(pCi/liter) 


annual adult 
whole body 
radiation dose 
(mrem) 


Sampling 
location 





Maximum 





320 +6 


410 46% 
720+5% 
1,200+4% 




















* AEC standard (HTO) =3 X10* pCi/liter. 
> Single sample collected at these locations. 


November, samples were collected from 13 loca- 
tions in the Livermore Valley. The samples 
collected during a particular month were dried 
and composited. A 100-gram portion of the 
composite sample was counted on the Ge(Li) 
detector used for analyzing the airborne par- 
ticulate samples. The tritium concentrations in 
the water, obtained by freeze drying these sam- 
ples, were determined by electrolytic enrich- 
ment and subsequent scintillation counting. 
The results of the gamma spectral analyses 
are shown in table 11. These activities exhibit 
their highest values during the spring months; 
this is undoubtedly due to the higher ambient 
atmospheric concentrations during this time 
of year. Using these data, one may calculate the 
annual radiation dose received by man from 
direct ingestion of these radionuclides assuming 
the observed activities are typical of those in 
edible vegetation. The calculated adult whole 
body or critical organ doses due to the gamma 
emitters shown in table 11, are based upon an 
adult consumption of 400 grams per day vege- 
tation (8) with a moisture content of 80 per- 
cent and the data of Ng, et al. (10) regarding 
the dose received per unit of radioactivity con- 
sumed under equilibrium conditions. With the 
exception of global fallout-produced cerium-144 
and natural potassium-40 activities, these radio- 
nuclides deliver appreciably less than 1 mrem/ 
yr to the whole body or critical organ as a result 
of direct ingestion of edible vegetation. The 
cerium-144 and potassium-40 activities, on the 
other hand, may easily deliver up to 10 mrem/yr 
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to the lower large intestine and whole body, 
respectively. 

The results of the tritium analyses are shown 
in tables 11 and 12. The data show significant 
variation from one location to another which 
may be caused by laboratory operations. 

From figure 2, one may expect the effect of 
the laboratory’s operation on the environment 
to be minimal at locations 4, 7, 18, 17, 18, and 
19 because the prevailing wind is from the 
southwest. Samples collected at these locations 
exhibit tritium values ranging from 160 to 450 
pCi/liter, which may be considered environ- 
mental background levels. However, locations 
10 and 11 are onsite and locations 5, 15, 16, and 
20, which show elevated levels, are situated in 
a generally downwind direction from the lab- 
oratory, thus exposing the vegetation in these 
areas to the low level gaseous effluent released 
routinely from the Gaseous Chemistry Build- 
ing. The samples collected at location 12 repre- 
sent grass that has been watered by the liquid 
effluent from the Livermore Sewage Treatment 
Plant. The resulting whole body doses to an 
adult, shown in the tables, were derived from 
the model of Anspaugh, et al. (9). These are 
also based upon the direct daily consumption of 
400 grams of vegetation (8). This mass of 
vegetation, however, is assumed to be equiva- 
lent to the same mass of water containing the 
tritium concentrations shown in the tables 
under equilibrium conditions. One may readily 
observe that, in spite of the slightly elevated 
levels, the calculated annual whole body doses 
are still very small. 


Milk 


During the first 8 months of 1971, milk sam- 
ples were collected each month from two dairies, 
one located in the Livermore Valley about 6 
miles west of the laboratory and the other in 
the San Joaquin Valley about 6 miles southwest 
of Tracy. In August 1971, the Livermore Valley 
dairy ceased operations. Since no other was 
available, milk sampling was restricted to the 
San Joaquin Valley dairy during the rest of 
the year. Before analysis, the samples were 
concentrated by means of a vacuum-operated, 
foam-entrainment evaporator so that about 9 
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Table 11. Average radionuclide activities in Livermore vegetation samples collected during 1971 





: Calculated 
Average annual dose 
Radioactivity in samples collected activity (pCi/g) ingestion (mrem) Critical organ 





Whole body 
Lower large intestine 


Lower large intestine 
Whole bely 


Whole body 
Lower large intestine 
Lower large intestine 
Lower large intestine 
Lower large intestine 
Whole y 














Table 12. Tritium activities in Livermore vegetation samples each sample was analyzed for tritium activity 

Sr ay eevee ee eee by counting 1 milliliter of the distillate directly 
Tritium activities (nCi/liter) | Calculated in a standard liquid scintillation detector. The 
Sample location * (“pody dose activities of cesium-137, cerium-144, tritium, 
and potassium-40 are shown in table 13. Also 
0.46-£51% : ' shown are the calculated annual adult whole 
. j ; ; body or critical organ doses delivered to man 
129 6 via the milk pathway. These calculations are 
based upon a daily intake of 260 g/day (8) and 
the models previously referenced. As expected, 
the only significant dose to an individual is that 
from potassium-40, 








Maximum Average 




















Accidental release of tritium gas 
* The sample locations are shown in figure 1. 


Continuous air sampling is maintained on the 
liters of whole milk were condensed to 2 liters. stack effluent from the Gaseous Chemistry 
The resulting samples were subjected to gamma Building. On April 12, 1971, an accidental re- 
spectral analyses by inserting them between lease of 240 Ci of tritium occurred. Because 
two 8- by 4-inch NaI (T1) crystals. In addition, the tritium was expected to be in the vapor 


Table 13. Radionuclide activity observed __ samples collected January-December 
1971 





Concentration Calculated 
Location, date collected, (pCi /liter) annual adult 
and radionuclide radiation dose Critical organ 





Maximum 





Livermore Valley Dairy 





January-August: 
Cesium-13 : : Whole body 

P Lower large intestine 
Whole y 


San Joaquin Valley Dairy 





January-A’ 3 
Cesi . é .022 Whole body 
Lower large intestine 
Whole body 





to 
wer ntestine 
Whole body 
Whole body 
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form, an extensive sampling program was con- 
ducted to evaluate the impact of the release on 
the environment. Vegetation, atmospheric water 
vapor, and water samples were collected and 
analyzed for tritium activity. The vegetation 
samples were freeze-dried and the collected 
water was subjected to scintillation counting. 
Other samples were counted directly in the same 
manner. Detectable activities were observed in 
some offsite vegetation and water vapor sam- 
ples. The maximum activity in vegetation sam- 
ples was 160 nCi/liter with the average activity 
of all the samples being = 25 nCi/liter. The 
atmospheric water vapor samples indicated a 
maximum activity of 5.9 nCi/m and an average 
value of 2 nCi/m*. 

A hazards analysis was performed in order 
to determine the potential exposure to a hypo- 
thetical individual standing downwind at the 
point of maximum surface air concentration 
during cloud passage. Using standard atmos- 
pheric diffusion calculations and tritium uptake 
estimates, one may calculate that it would have 
been possible for this individual to have re- 
ceived a maximum of 1.5 mrem during cloud 
passage. An estimate was also made of the 
maximum potential dose that a child could have 
received from drinking milk produced by cows 
grazing on vegetation contaminated with 
tritium at the maximum observed concentra- 
tion. Using the model of Anspaugh, et al. (9), 
the maximum potential dose via this pathway 
to an infant would have been 0.18 mrem and 
that to an adult, 0.03 mrem. 


Environmental radiation measurements 


Environmental radiation background meas- 
urements were made at 12 laboratory perimeter 
locations shown in figure 2, and at 40 offsite 
locations in the immediate vicinity of the lab- 
oratory. These measurements were made with 
CaF :Dy (TLD-200) thermoluminescent dosim- 
eters placed at a height of 1 meter above the 
ground. Exposure periods were usually 3 
months. The resulting exposure rates reflect the 
sum of terrestrial and cosmic radiation sources. 
Based on past experience, the exposure rates 
in the Livermore Valley due to terrestrial 
sources varied between 4 and 7 »R/h depending 
upon the location, while that due to cosmic 
radiation, according to the data of Lowder and 
Beck (11), is approximately 4 ».R/h. Table 14 
shows the exposure rates obtained at the perim- 
eter locations during three periods in 1971. This 
data is also expressed as projected annual 
millirem dose rates (1 »R/h = 7.612 mrem per 
year). Inspection of the data revealed that loca- 
tion 5 during the April-June period and loca- 
tions 18, 14, and 15 during the November-— 
December period showed above average expo- 
sure rates. Location 5 is adjacent to a cyclotron 
building and locations 13, 14, and 15 are near 
a linear accelerator facility. 


Site 300 
Atmospheric radioactivity 


The concentrations of various particulate air- 
borne radioactive substances were measured 


Table 14. Environmental radiation background measurements at the Livermore 
Laboratory perimeter, 1971 
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Figure 6. Air, water, and ee sampling locations in the Site 300 area 


(See figure 7 for samp 


continuously at 11 air sampling locations as 
shown in figures 6 and 7. Ten of the samplers 
are located within the boundaries of Site 300, 
and the 11th is located in Tracy, the primary 
population center of concern. The onsite sam- 
ples are collected on 8- by 10-inch Whatman-41 
filters at a flow rate of about 25 cfm. Samples 
in Tracy are collected on 4- by 9-inch HV70 
(cellulose-asbestos) filters at a flow rate of 
about 4 cfm. Filters are changed weekly during 
the winter months and twice weekly during the 
summer to avoid excessive mass loading. The 
filters are analyzed by the method previously 
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g locations inside Site 300 boundary) 


described for filters used in the Livermore 
Valley. 

No gross alpha radioactivity above the 
1 fCi/m* detection limit was observed on these 
filters. The gross beta activities, averaged over 
3-month periods, are listed in table 15 for each 
sampling location. These average radioactivities 
are slightly higher than those measured in the 
Livermore Valley. Gamma spectral measure- 
ments made on monthly composite samples of 
the filters collected onsite reveal measurable 
quantities of various gamma-emitting radio- 
nuclides as may be seen in table 16. These activ- 
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Figure 7. Air, water, and vegetation sampling locations inside Site 300 boundary 


Table 15. Airborne particulate activity at Site 300, January-December 1971 





a concentration 
pCi/m') 





Sampling location * 


July-September October-December 





Maximum 

















0.18 % 
‘30 46% 























® See fi 3. 
> The AEC standard is 1 pCi/m'. 


ity levels are essentially identical with those 
measured in the Livermore Valley and may 
readily be accounted for as being due to global 
fallout. The results of isotopic plutonium and 
uranium analyses, performed by the techniques 
described previously, are provided in table 17. 
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The relative abundance of plutonium-238 to 
plutonium-239 is approximately that expected 
in global fallout. The uranium content of air- 
borne debris, on the other hand, is appreciably 
depleted in uranium-235 relative to that of nat- 
ural uranium and the concentrations of ura- 
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Table 16. Results of gamma-ray measurements of Site 300 air filters, January-December 1971 
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Concentration 
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* Assumes the activity is in an insoluble form. 


Table 17. Plutonium and uranium concentrations in Site 300 air samples, January-December 1971 





Activity (aCi/m') 
Month 


~-Pe/™Pe Mass (pg/m') 
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Annual average 57 


-58 





AEC standard * 


1,000 ,000 


1,900 ,000 





0.0057 








0.000031 

















* Assumes the activity is in an insoluble form. 


nium are at times significantly greater than 
those measured in the Livermore Valley. This 
is not unexpected in view of the sizeable quan- 
tities of depleted uranium that have been ex- 
pended over the years as a result of the high 
explosive detonations at the site. However, 
these concentrations are nevertheless far lower 
than the current concentration guide levels. 
The calculated annual lung doses to an adult 
resulting from inhalation of the radionuclides 
listed in tables 16 and 17 are shown in table 18. 
These were derived in a manner similar to that 
used to obtain the values in table 4. Again, these 
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inhalation doses are extremely small with the 
greatest contribution being due to cerium-144. 


Table 18. Inhalation doses resulting from the air 
concentrations shown in tables 16 and 17 





Calculated annual 
Radionuclide i d 
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Figure 8. Site 300 soil sampling locations 


Soil 

A limited number of soil samples were 
collected at several locations near the site 
boundary. These locations are shown in figure 
8. The samples were collected and analyzed by 
the same techniques as those collected within 
the Livermore Valley. The concentrations of 
the various radionuclides of interest are given 
in table 19 and the resulting deposition levels 
are shown in table 20. Inspection of the data 
reveals that the activities of the artificially pro- 
duced radionuclides may readily be accounted 
for as due to global fallout with no detectable 
contamination as a result of laboratory opera- 
tions. The data in table 21, however, indicates 
that the uranium-235 to uranium-238 ratios are 
slightly depleted in uranium-235 with respect to 
those observed within the Livermore Valley. 
This may possibly be due to the depleted ura- 
nium being expended in the high explosive 
detonations at the site, although more data will 
be required to definitely ascertain this relation- 
ship. 
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Water 


Monthly samples were collected from onsite 
wells supplying Site 300 and from various on- 
site and offsite springs, ponds, and creeks. The 
locations of these sites are shown in figure 7. 
Locations 1 through 7 represent deep-well 
sources, locations 11 and 14 are offsite creek 
sources, and rain water is collected at location 
20. The remaining locations are onsite ponds 
or springs. The samples were subjected to gross 
alpha and beta analyses. No samples showed a 
gross alpha activity above the limit of detection 
of 1.2 pCi/liter. The gross beta activities aver- 
aged over 3-month periods are given in table 22. 
These activities show little variation with time 
and location and are similar to those exhibited 
by the water samples collected within the Liver- 
more Valley. 

These samples were also subjected to tritium 
analyses by electrolytic enrichment and subse- 
quent scintillation counting. The results of the 
analyses are shown in table 23. With the ex- 
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Table 19. Activity levels of various radionuclides in soil at Site 300, 1971 





Concentration 


(fCi/g) Potassium-40 
Sampling location concentration 


sip (pCi/g) 


870+ 8 
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Table 20. Deposition levels of various radionuclides in Site 300 soils, 1971 





Concentration 
(mCi /km?) 
Sampling location 
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Table 21. Concentrations of uranium in Site 300 soils, 1971 





Sampling 26 25/28 ® 
location (pe/g) 





116 + 2% 
115 +10 
119 
71. 
77. 
126 
151 
116 
88. 
101 
188 
109 
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® The “5U to “8U ratio in natural uranium is 0.0072. 


ception of samples collected at location 25, these The elevated tritium activities observed at loca- 
samples contain tritium activities that are com- tion 25 appear to be due to tritium being leached 
parable with those observed in water samples out of contaminated wastes that have been 
collected within the Livermore Valley. stored at a nearby location. Adjacent to this 
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Table 22. Average gross beta activities in Site 300 water samples, 
January—December 1971 
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* AEC standard (beta activity) = 30 pCi /liter. 


Table 23. Tritium activities in Site 300 water samples, 1971 





Location 


Concentration 
(pCi/liter) 


Calculated 
Percent annual adult 
of AEC whole body 





Maximum 


standard radiation dose 


Average (urem) 





18+50% 
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* Offsite AEC standard RCG (HTO) =3,000,000 pCi /liter. 


Onsite AEC standard RCG (HTO) = 100,000, 


spring is a deep-water well at location 6 which 
apparently has not been contaminated. 

Table 23 also includes the calculated whole 
body doses to an adult consuming the water 
containing the listed tritium concentrations. 
These doses were derived in a manner similar 
to that used to compute the values listed in 
table 10. As one would expect, the doses are 
insignificant with the exception of location 25 
where it would be possible for 23 mrem to be 
delivered to an individual consuming 1 liter 
per day from this spring. It is quite unlikely, 
however, for any individual to drink this water 
directly, since the water percolates back into 
the ground a few feet from the spring. 
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pCi/liter. 


Vegetation 


During the last quarter of 1971, vegetation 
samples were collected on a monthly basis at 
7 sampling locations shown in figure 7. Dried 
monthly composite samples were subjected to 
gamma spectral analyses yielding the activities 
of cesium-137, cerium-144, zirconium-95, 
beryllium-7, and potassium-40. The average ac- 
tivities are shown in table 24. Also shown in 
the table are the calculated whole body or criti- 
cal organ doses delivered to an adult by direct 
ingestion of 400 grams per day of edible 
vegetation containing 80 percent water and the 
listed activities. Again the data reveals that 


645 





Table 24. Radionuclide activities in Site 300 vegetation 
samples, 1971 





Calculated 
annual 
radiation dose 
to man via 
direct ingestion 


Average 
activity 
(pCi /g) 


Radionuclide Critical organ 





Cesium-137 
Cerium-144 
Zirconium-95 
Beryllium-7 
Potassium-40 _ _ _ 





Whole body 
Lower large intestine 
Lower large intestine 
| Lower large intestine 
| Whole body 











potassium-40 and cerium-144 are the major 
contributors via this pathway. 

These samples were also subjected to tritium 
analyses by freeze drying and subsequent elec- 
trolytic enrichment and scintillation counting 
of the resulting water. The average activities 
measured at each location are shown in table 
25. With the exception of location 6, the activi- 
ties show remarkably little fluctuation as com- 
pared with the results obtained from similar 
samples collected within the Livermore Valley. 


Table 25. Tritium activities in Site 300 vegetation 
samples, 1971 





Calculated 
annual adult 
radiation dose 

(urem) 


Average 

Sampling location tritium 
activity 

(pCi /liter) 




















Location 6 represents a waste disposal area 
where tritium-contaminated waste is stored. 
The table also includes the resulting whole body 
doses delivered to an adult by the tritium activi- 


ties based upon the models referenced previ- 
ously. As one would expect these doses are 
insignificant. 
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2. Shippingport Atomic Power Station® 
January—December 1971 


Duquesne Light Company 
Shippingport, Pa. 


The Shippingport Atomic Power Station is 
located on the south bank of the Ohio River on 
a 420-acre site. The site is approximately 1 mile 
from Midland, Pa., 5 miles from East Liverpool, 
Ohio, about 25 miles west of Pittsburgh, and 
about 11 miles below the confluence of the 
Beaver and Ohio Rivers (figure 9). The station 
is designed to produce electric energy by a con- 
ventional central station type turbine-generator 
unit. The pressurized water reactor consists of 
a closed system in which water is circulated 
by pumps over an array of nuclear fuel ele- 
ments, or core, contained in a reactor vessel to 
heat exchangers where steam is formed in a 
separate isolated system. 

Radioactive waste handled under the environ- 
mental program includes liquid and gaseous 
effluents released into the Ohio River and 
atmosphere, respectively. The levels of radio- 
activity released have been controlled to levels 
below the ones specified in the AEC standards 
(10 CFR 70). The releases have also been less 


than the limits imposed by the Ohio River Val- 
ley Water Sanitation Commission (ORSANCO) 
(1) and by the Commonwealth of Pennsylvania 


(2). 


Liquid radioactive waste 


The liquid radioactive wastes disposed of at 
Shippingport result mainly from draining the 
reactor coolant system and cleaning radioactive 
tools and equipment. The station is equipped 
with extensive systems to collect and process 
the waste water and remove most of the radio- 
activity before the purified water is discharged 
to the Ohio River. 

The principal source of radioactivity in waste 
water is from trace amounts of corrosion and 
wear products from the metal surfaces of the 
reactor plant. These trace quantities are carried 
through the reactor by the coolant water and 
subsequently activated. The primary long-lived 
corrosion and wear product radionuclide is 
cobalt-60 (half-life of 5.8 years). A number of 
short-lived radionuclides are produced in the 


*Summarized from Environmental Monitoring at 
Major U.S. Atomic Energy Commission Contractor 
Sites, Shippingport Atomic Power Station, January- 
December 1971. 
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Figure 9. Shippingport Atomic Power Station sampling locations 
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reactor coolant as well as relatively long-lived 
tritium (12.3 years). Because of the small ini- 
tial concentrations and rapid decay, the short- 
lived radionuclides disappear during holdup of 
liquid waste in the radioactive waste processing 
system, leaving the longer-lived tritium and 
cobalt-60. 

During 1971, a total of 46 mCi gross beta- 
gamma radioactivity in the liquid waste (ex- 
clusive of tritium) and 0.66 Ci of tritium were 
released to the environment. The average re- 
leases to the environment for 1971 were 0.79 
percent of the AEC standard for total activity 
(excluding tritium) and 0.016 percent for 
tritium. 


Gaseous radioactive waste 


Normal reactor operations produce radio- 
nuclides such as noble gases which occur from 
fission of trace uranium impurities in reactor 
structures and from irradiation of the water 
itself. The gases are removed from the primary 
coolant system periodically and contained for 
long periods of time to allow radioactive decay 
and sampling of the gases before their eventual 
release to the environment. 


There were no releases of radioactive gases 
from the Shippingport radioactive waste sys- 
tem for 1971. In retrospect, the radioactive 
noble gas releases (primarily xenon-133) for 
the years 1969 and 1970 were 75 »Ci and 19 
»Ci, respectively. Total airborne and gaseous 
radioactivity released from Shippingport over 
its entire operational history since December 
1957 has been less than one curie. The annual 
liquid and gaseous radioactive waste discharges 
for 1969-1971 are shown in table 26. The dis- 
charge points for liquid and gaseous effluent 
are shown in figure 10. 


Table 26. Annual liquid and gaseous radioactive 
waste discharges, Shippingport Atomic Power Station 
1969-1971 





Radioactive liquid wastes 
released to the Ohio River Gaseous 
wastes released 

to the 
environment 





Total activity 
(excluding 


Tritium activity 
(Ci) 








20.1 
1.71 
-66 
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Figure 10. Shippingport liquid and gaseous 
effluent discharge points 
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Table 27. Gross radioactivity in the Ohio River, Shippingport Atomic Power Station, January-December 1971 





Average concentration 
(pCi/liter) 





Type of radioactive material Upstream 


Downstream 





Apr- July- 
June Sept 





Apr- July- 
June Sept 





Alpha:* 
Total solids 1. 
Beta:> 

Total solids 13 ° 13. 
Potassium-40 ¢ 13 J 5. 






































® The 90-percent confidence level of average alpha radioactivity determinations is 0.2 pCi liter. 
b The 90-percent confidence level for average beta-gamma radioactivity determination is 0.7 pCi/liter. 
© The 90-percent confidence level for average potassium-40 radioactivity determination is 0.4 pCi /liter. 


Environmental monitoring 


Environmental monitoring surveys adjacent 
to the Shippingport plant have been performed 
since before initial startup in 1957 and a con- 
tinuous environmental monitoring program has 
been carried out during its 14 years of opera- 
tion to assure the adequacy of waste discharge 
procedures and limits and to monitor radiation 
exposure outside the station. This exposure to 
the general public has not been.greater than 
that received from natural background radia- 
tion. These surveys have been reviewed by both 
the AEC and independently by the Bettis 
Atomic Power Laboratory. Water from both 
upstream and downstream sampling points in 
the Ohio River has been sampled continuously 
and analyzed weekly, sediment samples from the 
river have been taken quarterly from upstream 
and downstream sampling points, and film 
badges around the boundary of the station and 
from a 10-mile distant control point have been 
evaluated monthly. 


Ohio River water analysis 


During 1971, weekly composite samples were 


analyzed from two continuous automatic 
samplers in the station circulating water line 
upstream and downstream of the radioactive 
waste effluent release point. These samples were 
analyzed for gross alpha and beta-gamma radio- 
activity on both suspended and dissolved solids 
and also for potassium-40 content. As shown 
in table 27, no significant difference was ob- 
served among the average alpha, beta-gamma 
and potassium-40 radioactivities for the influent 
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and effluent samples taken from the river dur- 
ing 1971. 


Ohio River sediment analysis 


The Ohio River bottom silt in the vicinity of 
Shippingport is sampled quarterly upstream 
and downstream of the plant outflow. During 
the years of plant operation, and even before 
plant operations began in 1957, measurements 
of sediment have shown a wide variation in 
radioactivity—both upstream and downstream 
—caused by uranium, thorium and daughter 
products of radium which occur naturally 
throughout the Ohio River Basin and are 
washed into the river. Over the years 1967 
through 1971 the radioactivity in silt samples 
taken upstream from Shippingport (thus re- 
flecting natural radioactivity) varied between 
2.5 and 17.0 pCi/g, with an average value of 
8.2 pCi/g. This wide variation was also exhib- 
ited in the downstream silt measurements, 
which have an average value of 9.0 pCi/g. Con- 
sistent with the results of previous years, there 
is no significant difference between the 1971 
upstream and downstream sediment sample 
activities. Shippingport Atomic Power Station 
discharges have had no significant effect on the 
radioactivity levels of the river sediment. 


Environmental gamma radiation 


Twelve film badges for detecting beta-gamma 
radioactivity were posted monthly throughout 
the year at the site perimeter in an attempt to 
determine the external radiation exposure in 
the immediate area. To determine the normal 
background levels of radiation in the vicinity 
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of the station, a control film badge location was 
established at a point 10 miles from the station 
boundary in Bridgewater, Pa. 

For 1971, the densities of the site perimeter 
monitoring films were not measurably different 
from the control film density. This indicates 
that the radiation exposure to the general pub- 
lic outside the station was not above that re- 
ceived from natural background radiation. 


Conclusions 


The radioactive discharges processed from 
the Shippingport Atomic Power Station have 
not accumulated or concentrated radioactive 
wastes in the environs surrounding the station. 
All discharges of radioactive waste materials 
have been carried out in strict compliance with 


existing Federal, regional, and State of Penn- 
sylvania regulations. The overall trend in 
quantities of radioactive waste effluents re- 
leased to the environs in recent years has 
steadily decreased. 
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Reported Nuclear Detonations, September 1973 


(Includes seismic signals presumably from foreign nuclear detonations) 


Seismic signals from a Soviet underground 
nuclear explosion in the yield range of 3 to 6 
megatons were recorded by the United States 
on September 12, 1973. The signals originated 
at approximately 3:00 a.m. (EDT) at the 
Novaya Zemlya nuclear test area in the Arctic. 
This test had about the same yield as the’one 
of October 14, 1970, which. was the largest 
Soviet underground test detected by the United 
States. 

Seismic signals, presumably from a Soviet 
underground nuclear explosion, were recorded 
by the United States. The signals originated at 
approximately 11 p.m. (EDT) September 18, 
1978, in the central Kazakh Desert and were 
equivalent to those of an underground nuclear 
explosion in the yield range of 20 to 200 kilo- 
tons. 


On September 27, 1973, seismic signals, pre- 
sumably from a Soviet underground nuclear 
explosion, were recorded by the United States 
at approximately 3 a.m. (EDT). The signals 
originated in Southern Novaya Zemlya in the 
Arctic and were equivalent to those of an under- 
ground nuclear explosion in the yield range 
of 20 to 200 kilotons. 

The U.S. Atomic Energy Commission an- 
nounced that the United States had recorded 
seismic signals, presumably from a Soviet un- 
derground nuclear explosion on September 30, 
1973. The signals originated from the southern 
Ural area and were equivalent to those of an 
underground nuclear explosion in the yield 
range of 20 to 200 kilotons. 

There were no reported nuclear detonations 
for the United States for September 1973. 








Not all of the nuclear detonations in the United States are announced 
immediately, therefore, the information in this section may not be com- 
plete. A complete list of announced U.S. nuclear detonations may be ob- 
tained upon request from the Division of Public Information, U.S. Atomic 
Energy Commission, Washington, D.C. 20545. 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished 
below in reference card format for the convenience of readers who may 
wish to clip them for their files. 


A HISTORY AND PRELIMINARY INVENTORY REPORT ON THE 
KENTUCKY RADIOACTIVE WASTE DISPOSAL SITE. David T. 
Clark. Radiation Data and Reports, Vol. 14, October 19738, pp. 573-585. 


The Kentucky radioactive waste disposal site, operated by the Nuclear 
Engineering Company, Incorporated, has been in operation since March 
1963. As of January 1, 1972, approximately 0.71 million cubic meters of 
waste, containing 1,158,333 curies of byproduct material, 208,903 grams 
of special nuclear material, and 39,498 kilograms of source material, 
have been disposed of at this facility. Due to the relatively long period 
of operation and the large quantities of radioactive material involved 
a detailed inventory of two of the largest pits at the site was made, base 
on available disposal records. This report contains a brief history of this 
facility and a summary of the inventory results. 


KEYWORDS: Disposal, Kentucky, liquids, radioactive waste, solids, 
storage. 
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GUIDE FOR AUTHORS 


The editorial staff invites reports and technical notes 
containing information related to radiological health. 
Proposed reports and notes should contain data and 
interpretations. All accepted manuscripts are subject 
to copy editing with approval of the author. The author 
is responsible for all statements made in his work. 


Manuscripts are received with the understanding that 
other identical manuscripts are not under simultaneous 


consideration nor have appeared in any other publica- 
tion. 


The mission of Radiation Data and Reports is stated 


on the title page. It is suggested that authors read it 
for orientation of subject matter. 


Submission of manuscripts 


Send original and one legible copy of the paper, typed 
doubled-spaced on 8% by 11-inch white bond with 1-inch 
margins. 


Submitted manuscripts should be sent to Editor, Radi- 
ation Data and Reports, EPA, Office of Radiation 
Programs, Waterside Mall East, Room 615, Washington, 
D.C. 20460. 


Preparation of manuscripts 


The Government Printing Office style manual is used 
as a general guide in the preparation of all copy for 
Radiation Data and Reports. In addition, Radiation 
Data and Reports has developed a “Guide” regarding 
manuscript preparation which is available upon re- 
quest. However, for most instances, past issues of 
Radiation Data and Reports would serve as a suitable 
guide in preparing manuscripts. 


Titles, authors: Titles should be concise and informa- 


tive enough to facilitate indexing. Names of authors 
should appear on the third line below the manuscript 
title. Affiliation of each author should be given by a 
brief footnote including titles, professional connections 
at the time of writing, present affiliation if different, 
and present address. 





Abstracts: Manuscripts should include a 100- to 150- 


word abstract which is a factual (not descriptive) sum- 
mary of the work. It should clearly and concisely 
state the purpose of the investigation, methods, results 
and conclusions. Findings that can be stated clearly 
and simply should be given rather than to state that 
results were obtained. 


A list of suggested keywords (descriptors) which are 
appropriate indexing terms should be given following 
the abstract. 


Introductory paragraph: The purpose of the investi- 


gation should be stated as early as possible in the 
introductory paragraph. 





Methods: For analytical, statistical, and theoretical 


methods that have appeared in published literature a 
general description with references to sources is suffi- 
cient. New methods should be described clearly and 
concisely with emphasis on new features. Both old and 
new methods, materials, and equipment, should be 
described clearly enough so that limitations of measure- 
ments and calculations will be clear to the readers. 
Errors associated with analytical measurements and 
related calculations should be given either as general 
estimates in the text or for specific data in appropriate 
tables or graphs whenever possible. 


Illustrations: Glossy photographic prints or original 


illustrations suitable for reproduction which help en- 
hance the understanding of the text should be included 
with the manuscript. Graphic materials should be of 
sufficient size so that lettering will be legible after 
reduction to printed page size (8% by 6% inches). 


All illustrations should be numbered and each legend 
should be typed double-spaced on a separate sheet of 
paper. Legends should be brief and understandable 
without reference to text. The following information 
should be typed on a gummed label or adhesive strip 
and affixed to the back of each illustration: figure 


number, legend, and title of manuscript or name of 
senior author. 


Tables: Tables should be self-explanatory and should 


supplement, not duplicate, the text. Each table should 
be typed on a separate sheet, double-spaced. All tables 
must be numbered consecutively beginning with 1, and 
each must have a title. 


Equations: All equations must be typewritten, prefer- 


ably containing symbols which are defined immediately 
below the equation. The definition of symbols should 
include the units of each term. Special symbols, such 
as Greek letters, may be printed carefully in the proper 
size, and exponents and subscripts should be clearly 
positioned. Mathematical notations should be simple, 
avoiding when feasible such complexities as fractions 
with fractions, subscripts with subscripts, etc. 


Symbols and units: The use of internationally ac- 


cepted units of measurements is preferred. A brief list 
of symbols and units commonly used in Radiation Data 
and Reports is given on the inside front cover of every 
issue and examples of most other matters of preferred 
usage may be found by examining recent issues. Isotope 
mass numbers are placed at the upper left of elements 
in long series of formulas, e.g., *“Cs; however, elements 
are spelled out in text and tables, with isotopes of the 
elements having a hyphen between element name and 
mass number; e.g., strontium-90. 





References: References should be typed on a sepa- 
rate sheet of paper. 


Personal communications and unpublished data 
should not be included in the list of references. The 
following minimum data for each reference should be 
typed double-spaced: names of all authors in caps, 
complete title of article cited, name of journal abbrevi- 
ated according to Index Medicus, volume number, first 
and last page numbers, month or week of issue, and 
year of publication. They should be arranged according 
to the order in which they are cited in the text, and not 
alphabetically. All references must be numbered con- 
secutively. 


Reprints 


Contributors are ordinarily provided with 50 courtesy 
copies of the articles in the form of reprints. In cases 
of multiple authorship, additional copies will be pro- 
vided for coauthors upon request. 
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